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BACKGROUND 



-The present disclosure relates to pharmaceutical useful products obtainable from organoboronic 
acids- The disclosure also relates to the use of members of the aforesaid cfass of products, to their 
formulation, their preparation, their synthetic intermediates and to other subject matter- 

1 0 TTie disclosure further relates to pharmaceutical formulations containing the described products. 
ffaropeptfcfe Serine Protease Iftfrt&tats 



15 



20 



25 



ShenVi (EP-A-145441 and US 4499082) disclosed that peptides containing an a-amtnoboronic acid 
wfth a neutral $id& chain were effective inhibitors of elastase and has bfcen followed by numerous 
patent publications relating to boropepticte inhibitors of serine proteases, 

in describing inhibitors or substrates of proteases, Pi, P2, P3, etc. designate substrate or inhibitor 
residues which are amino-terminal to the sdssile peptide bond, and 51, 52, S3 r etc., designate the 
corresponding subsites of the cognate protease in accordance with: Schechtsr, L and Berger, A. On 
the Size of the Active Site in Proteases, moC^emMhphys.RBS.Comm. f 27:157-162, 1967. In 
thrombin, the SI binding site or "specificity pocket" is a welt defined slit in the enzyme, whilst the S2 
and S3 binding subsites (also respectively called the proximal and distal hydrophobic pockets) are 
hydrophobic and interact strongfy with, respectively, Pro and (R)-Phe, amongst others. 

Aminoboronate or peptidoboronate Inhibitors Ot substrates of serine proteases are described in: 



30 



35 



US 4935493 
EP 341661 
WO 94/25049 
WO 95/09859 
WO 96/12499 
WO 96/20689 

Lee S-Let al, £hchemfstjy36;131S0-131B5, 1997 

Daminguaz C est al, Bioorg. Med, Chert. Lett 7:79-B4, 1997 

EP 471651 ; 

WO 94/20526 

WO 95/20603 

WO97/05161 
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US 3450 105 



US 5105945 



US 5169S41 



WO 9S/25427 



5 



US 5288707 



• WO 96/20698 

* WO 01/02424 

The amino add sequence (R>Phe-PrO-Arg, Imitating ammo acid sequences of fibrinogen, was at one 
10 time considered the best sequence for thrombin inhibitors. Thfe sequence formed tight-binding 
inhlbftors of thrombin, e.g. Ac-(R)-Phe-Prt>-boroAng fDUP 714), having KJ values in the pfoomoiar 
range (Kettner et al, J, Bfof, Chem, 265 : 18285-18257, 1990; EP-A-293,881). 

The replacement of the P2 Pro residue of borotripeptide thrombin inhibitors by an N-substrfeutad 
15 glycine is described in Fevlg J M et el Bfoory, Med. Giem. 8: 301-306 and Rupln A et al Jhromb. 
Haemost 78(4)11221-1227, 1997- See also US 5,585,360 (de Nanteuil etaf). 

Matteson D S Chern, Rev* 89: 1535-1551, 1989 reviews the use of a-halo boronic esters as 
intermediate? for tihe synthesis of inter alia amino boronic acids and their derivatives, Matfcesoni 
20 describes the use of pinacol boronic esters In non-chiral synthesis and the use of pinanedlol boronic 
esters for chlral control, including in the synthesis of amino and amido boronafce esters. 

Adams et al, US Patent No (1998), US Patent No 6066730 (2000), US Patent No 6083903 (2000) and 
equivalent and US Patent No 6297217 (2001) describe peptide boronic ester and acid compounds 

25 useful as proteasome inhibitors. These documents afeo describe the use of boronfc ester and acid 
compounds to reduce the rate of muscle protein degradation, to reduce the actively of NF-kB in a 
cell, to reduce the rate of degradation of p53 protein fn a cell, to inhibit cyciin degradation in a cell, 
to inhibit the growth of a cancer cell, to inhibit antfgen presentation in a cell,, to inhibit NF-kB 
dependent cell adhesion, and to inhibit HlV replication. Brand et al, WO 9S/3569I, teaches that 

30 proteasome Inhibitors, including boronic acid compounds, are usefuf for treating infarcts such as 
occur during stroke or myocardial Infarction. Elliott et al, WO 99/15183, teaches that proteasome 
inhibitors are useful for treating inflammatory arrf autoimmune diseases. 

Unfortunately, oiganoboronlc acids can be relatively difficult: to obtarn In analytically pure form, 
35 Thus, alkylboronic acids and their boraxfnes are often air-sensltfve. Korcek et aF, J. Oiem. Sbc 
Perm Tr$ri$ t 2;242, 1972 f leaches that butylboronfc add is readily oxidized by air to generate 1- 
butanol and boric add. 
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It is known that derrvatisation of boronic adds as cyclic esters provides oxidation resistance, For 
example, Martfdionofc V et a! J r Am, Chern. Sec. 118: 950-958, 1996 state that dtethanolamine 
derivatisatlon provides protection against possible boronic add oxidation. US Patent No 5,681,978 
(Matteson DS et al) teaches that 1,2-diols and 1,3 diols, for example plnacof, form stable cyclic 
5 baronic esters that are not easily oxidised. 

Wu et a!, J. Pharm. 5a\ T 89:753-755, 2QQQ, discuss the stability of the comp&und W-<2-pyrazIne) 
carbonyl-phErTylalamne-Ieudne boronic acid (LDP-341, also known as bortezomib), an anti-cancer 
agent It is described how "during an effort to formulate [LDP-341] for parenteral administration, 
10 the compound showed erratic stability behaviour. The degradation pathways wore investigated and 
it was concluded that the degradation was oxidative, the in'rbal oxidation being attributed to 
peroxides or molecular oxygen and its radicals. 

WO 02/D5913I discloses boronic acid products which are described as stable* In particular, these 
1 5 products are certain bo ro peptides anchor baropeptidomimetics in which the boronic acid group has 
been derivatfsed with a sugar. 

Neadtaf PI Residue Boropep&de Thrombin inhibitors 

<„ 

20 Claeson et al (US 5574014 and others) and Kakkar et al (WO 92/07569 and family member 
including US 564833S) disclose lipophilic thrombin inhibitors having a neutral (uncharged) Oterrninal 
(Pi) side chain, for example an alkoxyalkyl side chain* 

The Claeson etal and Kakkarefca! patent families disclose baronate esters containing the amino add 
25 sequence OPhe-Pro-BaroMpg [(R)-Phe-Pro-BoroMpg], which are highly specific inhibftors of 
thrombin. Of these compounds may be mentioned in particular Cbz-(R)-Phe-Ph>-BoroMpg-OPinacol 
(also known as TRI 50b). The corresponding free boronic acid is known as TRI 50c. For further 
informatfon relating to TRI 50b and related compounds, the reader is referred to the following 
documents: 

30 * Elgendy S et al,, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al Eds, 

Advances in Experimental Mediana r 340:173-178, 1993. 

• Claeson G et al, BfcchemJ. 290;309-3lS r 1993 

• T^pparelli C et al, JBidiChem, 268:4734-4741, 1993 

- Claeson G, in The Design of Synthetic Inhibitors of Virombin r Cfaesoh G et al Eds, Advances 
35 in Experimental Medicine, 340:33-91, 1993 

* Phillip et al, in The Design of Synthetic Inhibitors of Thrombin, Cfaeson G et al Eds f 
AchtertCBS in B&orimentel Medicine^ 340:67-77, 1993 

« TappaiBili C et a!, Trends Pharmacol* So. 14;366~376, 1993 

* Claeson G, Blood Coagulation and Fibrinolysis 5:411-436, 1994 



OOW:1:28i09.7!MafhHO^' OSS-Pi- 
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. Elgendy et al, Tetrahedron 50:3803-3812, 1994 

. Deadman J et al, J. Enzyme Inhibition 9:29-41, 1995 

. Deadman 1 et al, J. Msdidnsi Cfrsw£#K 38:1511-1522, l" 5 - 

TRI 5 ob is considered to be a prodrug for TRI 50c, which b the active principal * Wo. The 
tripepfde sequancs of TRI 50c has three chiral centra. The Phe residue Is considered to be of (W- 
configuration and M Pro residue of natural * !eaSt <" ^ 

commerce usefl.1 inhibitor acHvlly, *e Mpg residue h believed to be of C^urabon , 
Isomers with commerdalfy usafiil inhibitor acbvity. . Thus, the active, or most active, TRI 50c 
stereoisomer is considered to be of R,5,R configuration and may be represented as: 






OMe 

Cbz-(R)-Pbe-(S)-PrO-(R)-bOroMpg-0 H 

PCT/GB03/038B7, and also USSN 10/559,176 and EP-A-1396270, disclose phamraceufically 
acceptable base addition salts of baronic acids which have a neutral aminobomnic acid residue 
15 capable of binding to tha thrombin SI subsite linked through a peptide linkage to a hydrophobe 
moiety capable of binding to the thrombin 52 and S3 subsites. In a first embodiment, there * 
disciosed a pharmaceutical* acceptable base addiaor. salt of a boronic acid tf, for example, formula 

(A): 

.OH 

Y-CO-NH-CH-B^ (A) 

] OH? 

R 9 

20 

wherein 

Y comprises a hydrophobic moiety which, together with toe aminoboranic add residue 
^HCHCRS^^OH)^ has affinity for the substrate binding site of thrombin; and 



! 



• 
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R 9 fs a straight chain alkyl group Interrupted by one or more ether linkages (e.g. i or 2) and in 
which the total .number of oxygen and carbon atoms is 3, 4, 5 or 6 tfe.g. 5 ) or R 9 ta fc -{CH2WW 

where rn is 2, 3, 4 or 5 (e.g. 4) and W Is -OH or halogen (F, P, Br or 1). R? is an aJkoxyalkyi group 
in one subset of compounds, e.g. alkoxyalkyl containing 4 carbon atoms, 

5 

Also disdosed are oral formulations of such salts. 

The salts are described as being of relative stability to hydrolysis and deboronatfon. 

10 PCT7GB03/038S7, and also USSN 10/659,179 and EP-A-1396269, disclose sate of a pharmaoautically 
acceptable muftivafent (at least divalent} metal and an orgartoboranlc acid drug. Such safes are 
described as having an improved level of stability which cannot be explained or predicted on the 
basis of Known chemistry, and as being indicated to have unexpectedly high and consistent oral 
bioavailability not susceptible of explanation on the baste of known mechanisms. The oral 

15 formulations of sudh safe: are therefore alsti disclosed, 

one particular class of salts comprises those wherein the onganoboranlc add comprises a 
bompepfcfde or boropeptidomimetic- BoropeptfcJe drugs whfch may beneficially be prepared as salts 
include without limitation those of the formula X-(aa} n -B(OH) 2> where X is H or an aminc-protecting 
20 group, n is 2, 3 or 4, (especially 2 or 3) and each aa is independently a hydrophobic amino acid, 
whether natural or unnatural, In one class of multivalent metal salts, the organoboronic add is of 
formula (A) above* 

Pcr/G803/03Se3 f and also USSN 10/658,971 and EP-A-1400245, disdo$s and claim inter aim 
25 parenteral pharmaceutical formulations that include a pharmaceutical^ acceptable base addition salt 
of a boronic add of, for example, formula (A) above. Such sate are described as having an 
improved level of stability which cannot be explained or predicted on the basis of known chemistry. 

In one aspect the present disclosure relates, at feast in embodiments, to gr^anoboronlc add 
30 compounds designed to have an extended in vfva half life, in another aspect, the disclosure relates, 
at least in embodiments, to thrambin-inhibrtDry products which, at least in broad terms, maintain or 
improve the potency or specificity, or both, of such products whose active principle is TRI 5Qc. 

In further aspects, disclosed compounds may, at least in embodiments, broadly maintain or enhance 
35 bioavailability, other properties of disclosed compounds which may lend the compounds 
pharmaceutical usefulness may indude storage stability or ease of formulation, for example. 

« 

BRIEF SUMMARY OF THE DISCLOSURE 
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The disclosure concerns novel organoboron*; acid thrombin inhibitors and the salts ar*d prodrugs 
thereof (which prodrugs may themsetess be In the farm of salts}. 

In one aspect, the disclosure relates to bcronic acids which have a neutral arninoboronlc add residue 
capable of binding to the thrombin SI subsite linked to a hydrophobic moiety capafr's of binding to 
ifte thrombin 52 and S3 subsites. It also relates to safe and prodrugs of such adds, In a first 
embodiment, there fe disclosed a boronfc acid of, for example, formula (I); 

OH 

X-aat-aa^NH-CH-B C (I) 



OH 



wherein 



X is H (to form NH2) or an amlnoisrotecting group; 

15 aa l is an amino acid residue having a side chain selected from formula (A) and (B): 

-CCOV(CK2)b-Dir(CH2)d-E (A) 
"(COVCCHaJb-DcrCeCE^C^CE^) (B) 

20 wherein 

a Is 0 or 1; 
e Is 1; 

b and d are independently 0 or an Integer such that (b-Kf) is from 0 to 5 or, as the case may 
be, (b+e) Is from i to 5; 
25 c is 0 or 

DLsOorS; 

E fe a saturated or unsaturated cyclic hydrocarbyl group which normally contains up to 14 
members; and 

E^> E 2 and E 3 ars each independency selected from the group consisting of 5-5 membered 
30 saturated or unsaturated hydrocarbyl rings,, or one of B\ and E 3 is hydrogen and the 

other two are a said hydrocarbyl ring, 

it 

E r and E 3 optionally being baJogenated when saturated and mandatorily being 

halogenated when unsaturated, a particular halogen being fluorine; 

35 
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7 

aa^ is a nesrdue of an ammo carboxylic acid which binds to the thrombin 52 subsite; and 



R 9 is a straight chain alkyl group interrupted by one or more ether linkages (e.g. 1 or 2) and Fn 
which the total number of oxygen and carbon atoms Is 3, 4, 5 or 5 (e.g. 5) or R 9 is KCH2)m-W 

5 where m Is 2, 3, 4 or 5 (e.g. 4) and W is -OH or halogen (F, a, Br or I). R? is an alkoxyalkyi group 
fn one subset of compounds, e.g, alfcoxyaikyf containing 4 carbon atoms. 

aa 1 may be a fluorinated Phe or Dpa residue. 

10 The disclosure includes not only the adds as such but also their add addition salts, base addition 
salts,, prodrugs and prodrug salts,. 

Disclosed as certain exampfes are hydrophobic boronic add inhibitors of thrombin, whether in the 
form of the free add or, far example, their base addition salts. All the boronic add thrombin 
15 inhibitors described herein may be in the form of prodrugs, or acfd or base addition salts of 
prodrugs. 

As suitable prodrugs may be mentioned esters, e.g. with a residue of an alkanol, e,g. a CrC 4 
alkanol such as methanol or ethanol, for example. It may be an ester of a dioL 

20 

The identity of the dtol is not critical. As suitable diols may be mentioned aliphatic and aromatic 
compounds having hydroxy groups that arc substituted on adjacent carbon atoms or on carbon 
atoms substituted by another carbon. TTnat is to say, suitable diols include compounds having at 
least two hydroxy groups separated by at least two connecting carbon atoms in a chain or ring. One 
25 class of dials comprises hydra carbons substituted by exactly two hydroxy groups. One such diol is 
prnfejoor and another 5s pinansdlol and a thind is dietJianolamfne; there may also be mentioned 
neopentyfglyraf, 1,2-ethanediol, 1,2-pnopanedioI, 1,3-propanediol, 2,3-butanediof, 1,2- 
dnsopropylethanediol, 5,6-deeanediol and 1,2-dicyclohexylethanedfoi. 

30 The prodrug may be a sugar derivative as described ih WO 0^/059131 (see abtfve). Thus, the 
boronate group may be esterified with a sugar such as a monosaccharide or disaccharide, for 
example, the sugar may be a reduced sugar, e.g. mannrtol or sorbitol; ft may be any individual 
sugar or dass of sugars taught in WO 02/059131. The boronic acfd, sugar (or other diol) and water 
may be combined and then lyophiJised r for example as taught in WO 02/059131. 



The disdosed thrombin inhibitors may contain hydrophobic amino acids, and this class of amino 
adds includes aiose whose side chain is hydracarbyl, hydrocarbyl containing an in-chain oxygen 
and/or linked to the remainder of the molecule by an in-chain oxygen or heteraaryl, or any of the 
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aforesaid groups when substituted by hydroxy, halogen or ixinuoromathyi. Representative 
hydrophobic side chains include alkyl, alkoxyalkyl, *t*r of the aforesaid when substituted by at 
test one aryt or heteroaryl, heteroaryl, aryl substituted by at least one alM and heteroaryl 
substituted by at least one alkyl- Proline and other imino acids which are ring-Substituted by nothing 
or by one of the moieties listed In die previous sentence are aiso hydrophobic 

Some hydrophobic side chains contain from 1 to 20 carbon atoms, e.g. non^Ifc moieties having 1, 
2 3 or 4 carbon atoms. Side chains comprising a cyclic group typically but not necessarily contain 
from 5 to 13 ring members and in many cases are phenyl or alkyl substituted by one or two phenyls. 

included are inhibitors which contain hydrophobic no^pepBde moieties, which are typicalV based on 
moieties which may form a side chain of a hydrophobic amino acid, as described above. 

Hydrophobic compounds may contain, for example, one amino group and/or one acid group (e.g. - 
1 5 COOH, -BCOH) 2 ). Generally, ttey do not contain multiple polar groups of any one type. 

The disclosure comprises hydrophobic boronic add inhibitors of thrombin, and therefore includes 
peptide boronic adds which have a partition coefficient between i-n^ctanol and water expressed as 
log P of greater than 1.0 at physiological pH and 25°C. Some peptide boronic acids useft.1 in the 
20 invention have a partition coefficient of at least 1.5. A class of hydrophobic peptide boronic acids 
useful in the invention has a partition coefficient of no more than 5. 

Some sub-classes of hydrophobic organoboronic acids are those described by Formulae (I) and (HI) 
below, under the heading "Detailed Description of Several Examples", 



Also disclosed as another embodiment is a peptide boronic acid of foimuia (H): 

f 

X-aa 1 -aa*-NH~CH-B . (»> 



R 1 



where: 



X ts a moiety bonded to the N-terminal amino group and may be H to form NH 2 . The identity of X is 
not critical but may be a particular X rnoiety described above. In one example there may be . 
mentioned benzyloxycarbonyl. 



r 
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R 1 is a group of the formula -CCH^m-W, where m is 2, 3 or 4 and W Is -OH, -OMe, -or 
halogen (F, CI, Br or I), 



or 



15 



an* fs a residue of an amino acid having a Ci-C 5 alkyl substituted by one or two moieties selected 
5 from fluoropheoyf, cydohexyf and fiuorocydohexyl, the fiuorophenyi and fiuorocydohexyl moieties 
often being substituted by fluorine at the 4-posffion and optionally at one or more additional 
positions. 

As previously described, the add may be in the form of a salt Cadd or base addition salt), prodrug or 
10 salt of a prodrug. 

aa* is a residue of an irnfno add having from 4 to 6 ring members. Alternatively, a a 2 is a residue of 
Gly N-substituted by a C 3 -C 13 hydrocarbyl group, e.g. a C 3 -Qj hydrocarbyJ group comprising a C 3 - 
C 6 hydrocarbyl ring; the hydrocarbyl group may be saturated, for example exemplary N-jSubstituents 
are cycloprapyf, cydobutyl, cydopentyl and cydohexyl. As a hydrocarbyl group containing one or 
more unsaturated bonds may be mentioned phenyl and methyl or ethyl substituted by phenyl, e.g. 
2-phenyfethyl, as well as p,p-dialfcytpheoytetbv|. other aa 2 moieties are subsequently described. 

There is a debate in the literature as to whether boronates in aqueous solution form the trigonal' 
20 B(OH) 2 or ^tetrahedral' B(OH) 3 - boron species, but NMR evidence seems to indicate that at a P H 
below the first pKa of the boronic add the main boron spedes is the neutral BCOH) 2 . In the 
duodenum the P H fs likely to be between S and 7, so the trigonal spedes is fikefy to be predominant 
here. In any event, the symbol -BCOH) 2 includes tetrahedral as well as trigonal boron species, and 
throughout this specification symbols indicating trigonal boron species embrace also tetrahedral 
25 species. The symbol may further include boronic groups in anhydride form. 

The boronic adds and their derivatives (salts, prodrugs, prodrug salts) may be in the form of 
solvates, particularly hydrates. 

30 The base addition salts may comprise, or consist essentially of, add saris in which the boronic acid is 
singly deprotonated. The "disdosUre therefore includes products having a" metal/boronate 
stoichiometry consistent with the boronate groups in the product predominantly (more than 50 mol 
%) carrying a single negative charge. 



35 



1 

The boronic adds and their derivatives may be in isolated form. The compounds may have a purity, 
e.g. as determined by me metiiod of Example 9, of at least about 90%, e.g. of greater than or equal 
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to about 95%. in the case of pharmaceutical formulations, such compound forms may be combined 
with phartriaceutically acceptable diluents, excipients or carriers. 

Pharmaceutical formulations of the compounds are afso provided herein. There are provided 
5 parenteral formulations, e.g. comprising the oampoundss in toe solid phase, for example particulate 
salts or sugar esters for ^constitution as aqueous solutions prior to administration by injection or 
infusion. Such reconstituted solutions are also included in the disclosure. There are a!so provided 
oral preparations, e.g. tablets, capsules, powders or granules. 

10 According to a further aspect of the present disclosure, there is Provided a metood of treatment of a 
condition where anti-thrombotic activity Fs required which method comprises adminisbabon of a 
therapeutically effective amount of a boronlc add disclosed herein, or a salt, prodrug or prodrug salt 
thereof, to a person suffering from, or at risk of suffering from, such a condition. 

15 The disclosure Includes methods for preparing the described compounds. 

The base addition salts described herein indude products obtainable by (having the characteristics of . 
a product obtained by) reaction of the boronic acid with a strong base and the term -salt" herein is 
to be understood accoraingry. The term "salt" in relation to the disclosed products, therefore, does 

20 not necessarily imply that the products contain discrete cations and anions and Is to be understood 
as embradng products which are obtainable using a reaction of a boronic acid and a base. The 
disdosure embraces products which, to a greater or lesser extent, are in toe form of a coordination 
compound. The disclosure thus provides also products obtainable by (having the characteristics of a 
product obtained by) reaction of a disclosed boronic add with a strong base a well as the 

25 therapeutic, including prophylactic, use of such products. 

The oresent disclosure is not limited as to toe method of preparation of the base addition salts, 
provided that they contain a boronate sped as derived from a disclosed boronic add and a counter- 
ion. Such boronate species may be boronate anions in any equilibrium form thereof. The term 

30 -equilibrium form" refers to differing forms of the same compounds which may be represented in an 
equilibrium equation (e.g. boronic acid in equilibrium with a boronic anhydride and in equilibrium 
with different boronate tons). Boronates in the solid phase may form anhydrides and the dtedosed 
boronate salts when in toe solid phase may comprise boronate anhydrides, as a boronic equilibrium 
species. It is not required that the salts be prepared by reaction of a base containing the counter- 

35 ion and the boronic acid CD- Further, the disdosure includes salt products which might be regarded 
as indirectly prepared by such an add/base reaction as welt as salts obtainable by (having the 
characteristics of products obtained by) such indirect preparation. As examples of possibly indirect 
preparation may be mentioned processes in Which, after initial recovery of the salt, it Is purified 
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and/or treated to modify its physicochamicaJ properties, for example to modify solid form or hydrate 
form,, or both. l 



5 



In some embodiments, the cations of the base addition salts are monovalent 

In some embodiments the disclosed compounds (e.g. free boronic acids or salts) comprise ahhydride 
species; in others they are essentially free of anhydride speqa'es. 

Further aspects and embodiments of the discfosure are set forth in the following description and 
10 claims. 

Throughout the description and dairns of this specification, the words "comprise" and "contain* and 
variations of the words, for example ^comprising" and ^comprises", mean including but not limited 
to", and are not Intended to (and do not) exclude other moietfes, additives, components, integers or 
15 steps. 

•i. 

Data indicate that the stability (resistance to debomnation) of organoboronic acids may be increased 
by providing them in the form of salts, e.g. metal salts. In single experiments, the ammonium salt 
of TRI 50c appeared to decompose on drying to yteld ammonia, whilst the choline salt demonstrated 
20 rapid decomposition to a deboranated impurity. Although experiments have not been conducted to 
reproduce toese unrepealed observations, there is provided a sub-class of tfie presently disclosed 
salts in which the ammonium and choline salts are exduded. 



25 



DETAILED DESCRIPTION OF SEVERAL EXAMPLES 



The following terms and abbreviations are used in this specification: 

30 The expression *add salt" as applied to a base addition salt of a boronic acid refers to sate of which 
a single -OH group of me tonally-represented add group -B(OH) 2 is deprotonated. Thus salts 
wherein the boronate group carries a single negative charge and may be represented as -BfOHXO") 
or as C-B(OH) 3 3- are acid salts. The expression encompasses salts of a cation having a valency n 
wherein the molar ratio of boronic acid to cation is approximately n to i. In practical terms, the 
observed stoichiometry is unlikely to be exactly ml but will be consistent with a notional n:i 
stofchiometiy. For example, me observed mass of the cation might vary from the calculated mass 
for a n:l stoichiometry by no more than about io%, e.g. no more than about 7.5%; in some cases 
an observed mass of a cation might Vary from the calculated mass by no more than about 1%. 
Calculated masses are suitably based on the trigonal form of the boronate. (At an atomic level, a 
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salt stofr±iiomsfcrica(fy consistent with being an add salt might contain boronates in a mix: of 
pnotonation states, whose average approximates to single deprotonatfan and such n mfccecT salts are 
included in the term ^add salt"). Examples of acid salts ate mohosodium salts and hemicalcium 
salts. 



a-Aminoboronic acid or Bora(aa) refers to an amino acid En which the CO2 group has been replaced 
by BO2- 

Tbe term n amino-group protecting moiety" refers to any group used to derfvatise an amino group, 
10 especially an IVMberminal amino group of a peptide or amino acid. Such groups Include, without 
limitation, alkyl, acyl, alkoxycarbonyl, aminocarbonyl, and suJfonyl moieties. However, the term 
"amines-group protecting mofely" is not intended to be limited to those particular protecting groups 
that are commonly employed in organic synthesis, nor Is It intended to be limited to groups that are 
readily deavable. 



The phrase tt pharmacautfcaJly acceptable"' is employed herein to refer to those compounds, 
materials, compositions, and/or dosage forms which ane, within the scope of sound medical 
judgment, suitable for use In contact with the tissues of human beings or animals without excessive 

* ■ 

toxicity, Irritation, allergic response, or other problem or complication, commensurate with a 
20 reasonable benfcfrt/rfek ratio. 

"The expression ^thrombin Inhibitor" refers to a product which, within the scope of sound 
pharmacdlociical judgement is potentially or actually pharmaceutical^ useful as an inhibitor of 
thrombin, and Includes reference to substance which comprises a pharmaceutical^ active species 
25 arK j fe described, promoted or authorised as a thrombin inhibitor. Such thrombin inhibitors may be 
selective, that Is they are regarded, within the scope of sound pharmacological judgement, as 
selective towards thrombin In contrast to other proteases? the term ^selective thrombin inhibitor* 
Includes reference to substance which comprises a pharmaceutical actFve species and is described, 
promoted or authorised as a setectfva thrombin inhibitor* 



The tenm ^hefeanoaryr refers to a ring system which has at (east one (e>g. 1, 2 or 3) in-rtng 
heiaroatoms and has a conjugated in-rtng double bond system. The term ^heteroatom* includes 
oxygen, sulfur and nitrogen, of whfch sulfur fs sometimes less preferred. 



5 



15 



30 



35 



^Natural amino add* means an L-am?no add (or residue thereof) selected from the following group 
of teufcrg! (hydrophobic or polar), pasffjvefy charged and negatively changed amino adds; 



00971 28 09-Mar^;|gg%1^ 




9. MAR. 2004 17:48 HARRISON BODDARD FOQ NO. 567 P. 17/94 

" PD41113GB1.3 




10 



13 



Hydrophobic amino acids 
A = Ate = alanine 

V = Val = valine 
r = He = IsoJeurine 
L — Leu — leucine 
M = Met = methionine 
F = Phe = phenylalanine 
p - pro = proline 
W - Trp & tryptophan 



B olatLTneMtraT or uncharged^ amino adds 
N f= Asn - asparagine 



C - Cys - cysteine 
Q = Gin = gfutamlne * 
15 G = Gfy = glycine 

S = Ser — serine 
T - Thr - threonine 
Y = Tyr - tyrosine 

20 FosffaViatv c harged fbasic^ amino arfds 

H - His = hlstidJne 
K = Lys = lysine 

25 Negativel y charged amino adds 

p = Asp = ^p^rtrc pad 

E^GIu = glutamic acid. 

Add addition saft . a salt which ?s prepared from addition of a pharmaceutical acceptable add to a 
30 compound comprising a basic group, e.g. an amino, amidrno or guanadino group 
ACN = acetonrtrfle 
Amino acid — a-amino acid 

Base addition salt = a salt which is prepared from addition of an inorganic base or an organic base 
to a free acid On this case the boranic acid). 
35 cbz = benzyloxycarbonyl 

Cha = cydohexylalanine (a hydrophobic unnatural amino acid) 

Charged (as applied to drugs Or fragments of drug molecules, e.g. amino acid residues) - carrying a 
charge at physiological pH, as in the case of an amino, amSdfno or carboxy group 
Dcha = dicyclohe>ty]a!anine (a hydrophobic unnatural amino add) 
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Dpa - diphenylalanine (a hydrophobic unnatural amino acid) 

Drug - a pharmacetrtiraJJy useful substance, whether the active in vivo principle or a prodrug 
i.v, sa intravenous 

Mpg = 3^ethc&cypropyfgfydne (a hydrophobic unnatural amino acid) 

5 Multivalent = vafency of at least two, for example two or three 

Neutral (35 applied fco drugs or fragments of drug molecules, e.g. amino acid residues) « uncharged 
= not carrying 3 charge at physiological pH 

Pinac ~ Pinacol - 2,3-dimethyI-2,3-butanedlol 

Pinanedlol = 2 f 3-pinanedlol = 2,6,6-trimethylbfcydo [3.1.1] hep£an&-2,3~dial 
10 Pip ~ plpecolfnfc acid 

Room temperature = 25°C ± 2°C 
s.& ~ subcutaneous 

Strong base a base having a sufficiently high pKb to react with a baronic add. Suftably such 
bases have a pKb of 7 or more, e.g* 73 or more, for e*ampl& about 8 or more 

15 THF = tetrahydrafuran 

Thr = thrombin 

TCI 5QF = the analogue of TRI SOc 3n which the Pha residue fe 4-fluorinated 
Novel Products - The Compounds 

20 

The disclosure relates to bonanfc acids and their salts, prodrugs and prodrug salts. It relates to the 
pharmaceutical use of these compounds* 

The borc>nic acids of the disclosure comprise boranic acids whfch have a neutral aminoboronic acid 
25 residua capable of binding to the thrombin SI subste linked to s hydrophobic moiety capable of 



binding to the thrombin S2 subsrfce, which is linked In turn to a moiety which is capable of binding to 
the thrombin S3 subsite and comprises a fluorinated unsaturate ring, fbr ©ample a 5-rnembered 
ring which Is 4-flwortnated, or a flourinated or unfluorinated saturated ring. The substftuent on the 
amino group, If any. Is generally an optionally substituted hydrocarbyl group, particularly an alkyl 
30 group or substituted aifcy) group. The alkyf group rnay be halogenated, particularly fluorinated. The 
disclosure includes acids of formula formula CO: 



OH 



X-aai-aa^-NH-CH-B 



(I) 



OH 



wherein 



35 
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X is H Cto form NH2) or an ammo-protecting group; 

aa 1 Es an amino acid residue having a side chain selected from formula (A) and (B): 

5 -CCO) a -CCH 2 ) b "Der(CH2)d-E (A) 

-CC0) a -CCH 2 )b-D c -q a CEl)(E2XE3) (B) 

wherein 
a is 0 or l r r 
10 eisij 

b and d are independently 0 or an Integer such that (b+d) is From 0 to 5 or, as the case may 
be, (b+e) is from 1 to 5; 
cisOorl; 
D is O or S; 

15 E 13 a saturated or unsaturated cyclic hydrocarbyl group which normally contains up to M 

members; and 

E* E 2 and E 3 are each independently selected from the group consisting of 5-6 membered 

saturated or unsaturated hydrocarbyl rings, or one of E 1 , E 2 and E^ is hydrogen and the 
other two are a said hydrocarbyl ring, 



20 



25 



30 



35 



E, El E 2 and E 3 optfonatly being halogenated when saturated and mandatorily being 
halogenated when unsaturated, a particular halogen being fluorine; 

aa 2 Is a residue of an amino acid which binds to the thrombin S2 subsite; and 

R 9 is a straight chain alkyl group interrupted by one or more ether linkages and in which toe total 
number of oxygen and carbon atoms is 3, 4, 5 or 5 Ce-g. SO or R? is -(CH^m-W where m is from 2, 
3, 4 or 5 (e.g. 4) and W is -OH or hafogen (F, CI, Br or I). As examples of strarght chain afkyl 
interrupted by one or more ether linkages (-0-) may be mentioned alkcxyalkyf (one interruption) 
and alkoxyalkoxyalkyi (two interruptions). rP is an altaxyalkyl group in one subset of compounds, 
e.g. aijqaxyaikyi containing 4 carbon atoms. 

E particularly comprises a 5-6 membered ring (e.g. is 4-fluorophenyi) or an S-i4 membered fused 
ring system (a.g. is 4-fTuoronaphthyl). 
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In many compounds, sa* has a sTde chain in which a is 0- If a is t, c may be 0. Commonly, a and c 
are bath <X In particular samples, Ca+b*ct*d} and (a+ b+c-t-e) are no more than 4 and are more 
especially 1, 2 or 3, (a+b-rci-Kl) may be 0. 

In one dass of compounds, a and c are both 0 and (a+b+c+d) ) and (a+b+c+e) are l r 2 or 3, In 
particular, aa^ has a side chain which is one of; 



In one class of compounds, E r e\ E 2 and E 3 are each Independently phsnyi fluorfnated at at least 
the 4-posWon or optionally fluorinated cydbhexyl, the fluorinated cyctohexyl typically being 

fluorinated at at least the 4-position; in variants of this dass one of E 1 , B 2 - and E 3 Is H. In this dass 
of compounds,, the number of fluorinated carbon atoms in the phenyl groups, \n addition to the 4- 

15 carbon, may be l f 2 r 3 or 4. Some exemplary E f E l , E 2 and E 3 groups are: 

F 

F F 

Cyciohexyl may be fluorinatfid as described above in relation to phenyl. 
20 Particular boronic adds have aa^ side chains selected from: 





wherein wherein q is from 0 to 5 r e,g. Is 0, 1 or 2, especially 1 (in which latter case the side chains 
are fluorinated variants of Phe and Dpa), Of course, the phenyl groups may be additionally 
25 fluorinated as described above (e.g» 3,4 or 3,4,5 fluorinated). 

r 

In one dass of compounds, the side chain of the P2 (S2-bindlng) amino acid is a moiety other than 
hydrogen selected fhom a group of fbmiula A or Bt 

30 -fCOVCCH 2 ) b -D c -(CH2)d-e (A) 

-{COVCCHaJb-Oc-Ce^JCe 2 )^ 3 ) (13) 



0097128 09-Mar-04 Q§WM 




9. MAR. 2004 1 7:49 HARRISON GODDARD FOO MO. 567 P. 21/94 

17 




wherein 
a Ts D or I; 
eisl; 

5 t» and d are Independently 0 or an f nteger such that (b+d) is from 0 to 5 or, as the case may be, 
(b+e) Is from 1 ta 5; 
c is 0 or 1} 

<*>- . 

D Is O or S; 

E is H r Ci-C 5 a Ik/I, or a saturated or unsaturated cyclic group which normalfy contains up to 14 
10 members and particularly Is a 5-6 membered ring (e.g. phenyl) or an b-m membered fused ring 
system (e.g. naphtliyl), which alfcyl or cydfc group is optionally substituted by up to 3 groups (e.g. 1 
group) independently selected from C V C 5 trialkyfeifyl, -CM, -R 13 , -r!2qr13, -r12oor13 - 
Rl2co 2R l3 ancf _ R 12o 2CR l3 wherein R" is <CH 2 ) r and Rl3 is -(CH^H or by a moiety whose 
non-hydrogen atoms consist of carbon atoms and in-rfng heteraatoms and number from 5 to 14 and 
15 which contains a ring system (e.g. an aryl group) and optionally an alfcyl and/or alkyfene group, 
wherein f and g are each independently from 0 to 10, g particularly being at feast 1 (although —oh 
may also be mentioned as a substftuent), provided that (f+g) does not exceed 10, more particularly 
does not exceed 6 and most particularly fe l, 2, 3 or 4, and provided that there is only a single 
substituent fT the substituent is a said moiety containing a" ring system, Qr £ is C x -C6 WalkylsiJyl; 
20 and E 1 , E* and are each independently selected from and -J-r15, where J is a 5-6 
membered ring and R*5 fe 5etecte( , from Ql<6 trfaifcyigjiyj^ -c N/ _ R i3 .^qrIS, . R 12 COR 13 ., 

R. 12 C0 2 R 13 , -R 12 0 2 CRl3, and one or two halogens (e.g. in the latter case to form a -j-pl^ moiety 
Which is dichforophenyl), where R*2 and R*3 are , respectiveho an R 12 and an R l3 mc ,fety as 

defined above (in some adds where E* f E 2 and E^ contain an R*3 group, g is 0 or 1)' 

25 

In which moiety of Formula (A) or (F3) any ring is carbocydfc or aromatic, or bath, and any one or 
more hydrogen atoms bonded to s carbon atom Fs optionally replaced by halogen, especially F. 

rn certain examples, a is a If a is 1, c may be 0. In particular examples, (a+b+c+d) and 
30 (a+b+c+e) are no more than 4 and are more especially 1, 2 or 3. (a+b+t+d) may be □. 

Exemplary groups for E, and include aromatic rings such as phenyl, naphthyi, pyridyl, 

quinolinyf and foranyt, for example; non-aromatic • unsaturated rings, for example cydohexenyl; 
saturated rings such as cydohexyl, for example. E may be a fused ring system containing both 
35 aromatic and non-aromatic rings, for example fluorenyi. one class of E, E*, E* and E* groups are 
aromatic (including heteroaromatic) rings, especialfy S-membered aromaac rings. In some 
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compounds, B» Is H whilst E* and E 3 are not H; in tfiose compounds, examples of and £3 groups 
are phenyl (substituted or unsubsHtuted) and CfC^ atkyl, e.g. methyl. 

In one dass of embodiments, E contains a sobstituent which is C r C 6 alkyl, (^5 aWXarbonyl, 
5 carboxy alkyl, aryl (including hetercaryl), especially 5-membered or preferably 6-membered 



15 



heterocyclic 



and is preferably 6-membered), 



In another dass of embodiments, E contains a subsdtuent which is OR^ wherein R» can be a 6- 
10 membered ring, which may ba aromatic (e.g. phenyl) or is alkyl (e.g. methyl or ethyl) substituted by 
such a 6-membared ring. 

A class of moieties of formula A or B are those in which E Is a 6-membered aromatic ring optionally 
substituted, particularly at the 2-posiaon or 4-position, by -R* 3 or -OR13 . 



The disclosure Includes acids in which the P3 and/or P2 side chain comprises a cydic group in which 
1 or Z hydrogens have been replaced by halogen, e.g. F or Ci. 



The disclosure includes a dass of adds in which the side chains of formula (A) or (B) are of the 
20 following formulae (0/ GO 

CqHjqCHTz (i) 



<= q H 2q CH-i ? OH) 





T 



wherein q is from o to 5, e.g. is o, 1 or 2, and each T is independent hydmgen, one or two 
halogens (e.g. F or d), -S! M e 3 , -CN, -COR* -C0 2 R^ or -D^. In some 

25 embodiments of structures (ii) and (m), T is at the 4-position of the phenyl group(s) and is -R«, - 
OR* 3 , -COR13, -C0 2 R 13 or -0 2 CRi3, gnd R 13 is c r C 1Q alkyl and more particularly CrQs alkyh In 
one subclass, T is -R^ 3 or -OR 13 , for example in which f and g gne each independently 0, 1, 2 or 3; 
in some side chains groups of this sub-oiass, T is -R*2oR 13 and R 13 is H. 

30 in one dass of the moieties, the side chain is of formula (i) and each T is independent^ or 
OR13 and is alkyl- soma of these compounds, Ri3 is branched alkyl and in others it fe 
straight chain. In soma moieties, the number of carbon atoms is from i to 4. 
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The disclosure therefore includes medicaments comprising organoboronic adds or derivatives 
thereof which are thrombin inhibitors, particularly selective thrombin inhibitors, having a neutral PI 
(Sl-blnding) moiety. 'For more information about moietfes which bind to the S3, 52 and SI sites of 
5 thrombin, see for example Tapparelli C et al, Trends Pharmacol* Sd> 14: 366-376, 1993; Sanderson 
P et al, Current Medidna! Chemistry, 5: 2S9-304, 1998; Rewinkel J et al. Current Pharmaceutical 
Desfgn r 5:1G43-1D75, 1999; and Coburn C Exp* Opfn. Thar, Patents 11(5): 72I-73S, 2001. The 
thrombin inhibitory compounds of the disclosure are not limited to those having S3, S2 and si 
affinity groups described in the publications listed in the preceding sentence. Particular derivatives 
10 are base add-on salts. 

The boronic acids may have a Ki for thrombin of about 1DQ nM or less, e.g. about 20 nM or less. 
A subset of the Formula (I) adds comprises the acids of Formula (II): 

15 

X is a moiety bonded to the N-ferminal amino group and may be H to form Nhfc- *nie identity of X is 
not critical but may be a particular X moiety described above. In one example there may be 
mentioned bensyfoxycarbonyl. 

20 In mam examples X is R 6 KCH 2 } p -CCC0-, R 6 -CCH 2 )p-5tO)z7 * 6 ^CH 2 ) p -NH-C(0)- or R^(GH 2 ) p -0- 

C{0> wherein p is 0, 1, 2, 3, 4, 5 or 6 (of which 0 and 1 are preferred) and R B is H or a 5 to 13- 
mernbered cyclic group optionally substituted by one or more (e^. 1, 2, 3, 4 or 5) halogens (e.g. F), 
for erampie at least at the 4-posftion, and/or by 1, 2 or 3 suhsEtuente selected from amino, nitro r 
hydroxy, a C 5 -Cg cyclic group, C r C 4 alkyl and C1-C4 alkyl containing, and/or linked to the 5 to 13- 
25 membered cyclic group through, an in-chain O, the aforesaid alkyl groups optionally being 
substituted a substituent selected from halogen, amino, nitro, hydroxy and a C5-C6 cyclic group. 

More particularly X is R 5 ^2)p- C ( 0 5^ or * S <CH^ p <>-C(0> and p is 0, 1 or 2; in these mofeties, 

r£ niay be phenyl or ftuoraphenyi. Said 5 to 13-membenad cyclic group is often aromatic or 
heteroaromatlc, for example* is a 6-membered aromatic or hetenoanomatic group. The cyclic group 
30 may be saturated, particularly it may be a cydoalkyi group, e.g. t^dohexyl, optionally substituted by 
one or more halogens (e.g. F)> When R. 6 comprises an Fsubstituted 6-membered ring, the ring fs 
typically at feast ^substituted. In many .cases, the group is not substituted. 

Exemplary X groups are (2~pyrazine) carbonyl, (2-pyrazine) sulfonyl and parfScuiarty 
35 benzybxycarbonyl or betizylmethylcarbanyl. 
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aa 1 fs as previously described, Thus, It may have a side chain which Is ~CH2~E or -G(E 1 )CE 2 ){E 3 ) 7 in 

particular where one of E*, E 2 and fs H. More particularly, aa 1 may be ^IF-Phe, di(4-F)-Dpa, Cha 

or Dcha. f4-F~Phe refers to Phe whose phenyl group is 4-fiuorinated; di(4-F)-Dpa refers to Dpa both 
of whose phenyl groups are 4-fluorinafced), 

5 

aa 2 - is an irnino acid residue having from 4 to 5 ring members. Alternatively/ aa 2 Es a residue of 
H^N-CHj'-QXM N-substituted by a C3-C13 hydrocarbyl group, e.g. a Cs-Cg hydrocarbyl group 

comprising a Cj-Cq hydrocarbyl ring; the hydrocartvl group may be saturated, for example 

exemplary N-substrtuents are cydopropyf, cydobutyi, cydopentyl and cydohexyl. As a hydrocarbyl 
10 group containing one or more unsaturated bands may be mentioned phenyl and metihyl or ethyl 
substituted by phenyl, e.g. 2-phenylethyt, as well as p,0 -dialkylphenytethyl. 

As another alternative, aa 2 fe the p -amino add analogue of Gly [i.e. H2N-CH2<^s-<X>QH) N- 

subsBtuted by a £3-^3 hydrocarbyl group, e.g. a Og-Cg hydrocarbyl group comprising a C$~Cq 

15 hydrocarbyl ring; the hydrocarbyl group may be saturated, for example exemplary N-subsbtuanrte 
are cyctopropyl, cydobutyi, cydopentyl and cyctahexyl, As a hydrocarbyl group containing one or 
more unsaturated bonds may be mentioned phenyf and methyl or ethyl substituted by phenyl, e.g. 
2-phenylethyl, as well as p f p -dfalkylphfenylsthyJ. 

20 The disclosure includes a dass of compounds in which aa 2 Es a residue of a p-amino acid having a 4 
to 6 membered carbg cyclic ring which optionally has one carbon atom replaced by a sulfur and of 
which tfie ring-forming carbon atoms include the carbon atoms a- and p- to the carboxyl group (i.e. 
the p-amino acid comprises a 4 to 6 membened carbocyclic ring which is 1-substitubed by cariboxy] 
and 2-substitu6ed by amino and which may at one other position contain an S atom). 



25 




An exemplary class of products comprises those in which aa 2 is a residue of an irnino acid of formula 
0V) 

R- 11 



H 3 C ^CH-COOH (IV).. 



N 
I 

H 



where R n is -CH2-VCH2-CH2-, -CH=CH-, -S-CHjr- or -CH 2 -CH 2 - C H2> which group when the ring is 
30 5 or 6-membered is optionally substituted at one or more -CH2- groups by from 1 to 3 C1-C3 alkyl 
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groups, ft* exampie to form the R" group -S^CH 3 ) 2 - r Of these imino acids, azeddfne-2- 

earbttcyfc add, espedally (sHzeHdfn^tarbcwyiic add, and more particulariy proline-crjotoH ate 
illustrative. 

Also to be mentioned as aa 2 are 0-amino adds of formula (Jj 




CP) 



OH 



wherein R 11 Is as previously defined. 



10 



In embodiments, aa 2 is a residue of en N-^ubstituted imino add or N-sufastituted p-amino add. 



It will be appreciated from the above that a very preferred dass of products consfete of those in 
which aaW is 4-PPhe-Pro. In another preferred dass, aaW ; s di(4-F)-Dpa-Pro. In other 
products, aai- aa 2 is Cha-Pro or Dcha-Pro. Of course, also induded are corresponding product 
15 classes m which Pro is replaced by (s)-azeffdina^carbcxylie add. 

R 9 Is as denned previously and may be a moiety R* of the formula -<CH2) S -Z. Integer s is 2, 3 or 4 
and W is -OH, -OMe, -OEt or halogen (F> Cl, r or, preferably, Br). Pardcularfy illustrative Z groups 
are -OMe and -OEt, especially -OMe. In certain examples s is 3 for all Z groups and, indeed, for all 
compounds of the disclosure. Mta4r R* groups are 2-bromoethyl, 2-chloroethyJ, ^mettoxyethyl, 
^bromobutyl, 4^hlorobu£yl, 4-methoxybutyf and, especially, 3-bromopropyl, S^hloropropyl and 3- 
methc*ypropyl. Most preferably, Ri is 3-methoxypropyf. 2-Ethoxyethyi is another preferred 



20 



group 



25 



30 



Accordingly, a spadfic class of compounds consists of those of acids, of the formula X-4-F-Phe-Pro- 
Mpg-BCOH) 2 , especially Cb^F-Phe-Pro-Mpg-SCOHh; also included are anaiogues of tnese 
compounds in which Mpg is replaced by a residue with another of the r1 groups and/or 4-F-Pha is 
replaced by di(4-F)-Dpa or another aa* residue. Also induded are compounds in which Cbz is 
replaced by benaylmethylcarbonyl (Ph-EHX-). 

The nl moiety of the product is preferably of R configuration. The aa 2 moiety is preferably of (s)- 
configuration. Particularly preferred products have «l of (R)-«mI7guration and aa 2 of (S)- 
configuration. The chirai oenfie ~NH^H(r1)-B- is preferably of (R^nfigurab'on. It is considered 
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that »mmerdal formulations wilf have the chfraf centres in (R,S r R) arrangement, as for example in 
the case of salts of Cbz-^-P-Pher Pr^boro M pgOH (TRI EOF): 



The disclosure includes Cbz-(R)-4-F*Phe<S>Pro-(R)-faoroMpg-OH and Cbz<R)^K^^~£ PM^-Pro - 
5 (RJ-boroMpg^DH (and other compounds of the formula X<RH-FPhe-(S}-Pra-(R>bQroMpg-OH and 
X-CR)-dK^^DP^S)-Pro(R)-lboroMpg-OH) which for example are at least 9D% pure, e.g. at least 
95% pure. These compounds may be ?n the form of, e.g., base addrhon salte. 

Also disclosed herein are add addition salts, whfch may be formed by contacting a disclosed acid 
10 with a pharmaceutical^ acceptable acid, particularly a strong inorganic add, e,g. HBr f HCJ or 
HSC^CH^ The pharmaceutically acceptable add wfll form a salt with an amino group, e„g. an 

unprotected N-terminal amino group. 

In broad terms, the base addition salts described herein may be considered to correspond to 
15 reaction prpduds of an organoboron*: add as described above wfth a strong base, e.g. a basic metal 
compound; the sate are however not limited to products resulting from such a reaction and may be 
obtained by alternative routes. 

* * * 

The base addition salts are therefore obtainable by contacting an acid of the disclosure with a strong 
20 base. The disclosure thus contemplates products (compositions of matter) having the characteristics 
of a reaction product of a disclosed acfd and a Strang ' base. The base is pharmaceutically 
acceptable. 

As suftable salts may be mentioned salts of metals, e.g. of monovalent or divalent metals, and 
25 stronger organic bases, for esxampfe: 




OMe 



TRI 50F 



1. Alkali metal satts; 




n 
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2. Divalent, e.g. alkalfne earth metal, safe; 

3. Group in metafe; 

4. Sate of strongly basic organic nitnogen-contefnJng compounds, deluding: 
4A. Salts of guanidines and then- analogues; 

4B. Salts of strongly basic amine, examples gf which indude (j) aminosugars and (If) other 



10 



amines, 



Of the above salts, particularly illustrative are alkali metafe, espsc^ Na and u . ai so aiustetive 
amfnosugars P 



15 Specffc salts are of the acid boronat* though In practice the add safe may contain a very small 
proportion of the doubly deprotonated borons. The term «acfd boronate" refe re to tn'gona. 
-B(OH) 2 groups in which one of the &-OH groups [* deprotonated as well as to corresponding 

tetrahedraj gmps j n equilibrium therewith. Acid boronates have a stoichiometry consistent with 
single deprotonation. 



20 



The disclosure indude* therefore products (compositions of matter) whicf, comprise sate which may 
be represented by formula (V): • 



O 

X- aa^aS-NH-CJH-B 

I "'OH 

R 1 



Y«- (V) 



25 



where Y"* is a pharmaceutically acceptable cation obtainable from a strong base, and aa 1 , aa2 x 
and R. 1 am as defined above. Also included are product in which is napiaoed by another R» 



group 



One class of salts have a solubility of about 10 mM or more, e.g. of at feast about 20mM, when their 
solubility is determined as described in the samples at a dissolution of 25mg/ml. More pamculady 
30 yet they have a solubility of least SOmM when their solubility is determined as described in the 
examples at a dissolution of SOmg/ml. 
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The disclosure Includes salts of boronic adds CO having an observed stoichiometry consistent with 
tfia salt being of (being representee by) die formula -Cboronate-) n cation"*". One class of such 

safe are represented by the formula: 

rClK-CRJ-^-FPhe-CS^Pro-CR^Mpg-BCOTOCO-)]^ 1 - 

where M+ represents a monovalent cation, especially an alkali metal canon. It will be understood 
that the above representation Is a notional representation of a product whose observed 
stoichiometry Is unlitely to be literally and exactly 1:1. In any event, a particular salt is Gbz-CRM-P 
Phe-CSKro-C^-Mpg-BCOH^ monosodium sat" In the above formula, the Wgonally-repnesented 
boronate represents, as always, borates which are trigonal, tetrahedrat or mixed 
trlgonal/tetrahedral. 

Particularly exemplary are produds which comprise: 

C i) species selected mom (a) adds of formula <ym>! X<RH-F-PheKS)-Pro^MPS-B(Ort 2 
where X is H or an amino-pmtecting group, especial* Cbz, (b) boronate anions thereof, and CO any 
equilibrium form of the aforegoing Ce.g. an anhydride); and 

Of) ions having a valency n In combination with said spedes, the spedes and said ions having 
an observed stoichiometry consistent wKh a notional S pedes:fon stofchlomeby of n:l. In one class 
of salte f n is i> 



Si 



Considering the counter-ions in turn: 



25 



30 



1 . Mop™ffite"l- met? ', Mp^iallv alkali metal ?a| 

suitable ** metals include lithium, sodium and potassium. A.I of these are remarkably soluble. 
Lithium and sodium are illustrative because of their high solubility. The lithium and particularly 
sodium salts are of surprisingly high solubility In relation to potassium amongst others. Sodrum 
most used In many instances. Safe confining mixtures of alkali metals are contemplated by the 
disclosure. 

The disclosure includes products comprising salts of the formula (VI) 



X- aa^aHlH-CH-B! 



OH 



R 1 



M* (VI) 
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where is an alkali metal ion) and aa x , aa 2 , X and R 1 are as defined above. Ateo induded are salts 
in which both hydroxy groups of the boronate group are in salt form (preferably with another 

identical M + group) and mixtures of such safcs. Included also are products wherein R 1 Is replaced by 
another group. 

2. PiValent. e,a. alkaline earth metal (Group U metaH salts 

One sample of a divalent metal i$ calcium. Another suitable divalent metal is magnesium. Also 
contemplated is zinc The divalent metals are usually used in a boronic acid:metal ratio of 
substantially 2:1, In order to achieve the preferred monovalent boronate moiety. Salts containing 
mixtures of divalent metafe, e,g. m&Otures of alkaline earth metals, are also contemplated. 

Further disclosed are products (compositions of matter) whidi comprise salts whfch may be 
represented by the formula <yiiy. 



15 



20 



O 

I OH 



(VII) 



where M 2+ is a divalent metal cation, e.g. an alkaline earth metal or zinc cation; and aa 1 , aa 2 -, X 
and R l are as defined above, Also fnduded are salts in which both hydroxy groups of the boronate 
group are depratanatad and mixtures Of such salts. As previously indicated, the boronate may 
comprise a tetrahedral species, 



3^ 



Group ill metals 



25 



Suitable Group HI metals indude aluminium and gallium. Salts containing mixtures of Group .m 
metals are also contemplated. 

The disclosure includes products comprising salts of the formula (vm): 



X- aaiaa^MH-CH-B^ 



OH 



M 3 * 



(VIII) 



w9mm:WMm-m- 05: M 
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where M3+ is b Group IH metal* and aa 1 , aa2, X and R 1 are as defined above, Also included are 
sate in which both hydroxy groups of the boronate group are in salt form and mixtures of such sate. 
As previously indicated, the boronate may comprise a tetrahedral species. 

5 4. Stron gl y hasic orcrenr nitrogen- ™"**'"'"'! nompounds 

The disclosure mducte products obtainable by (having the characferistics of a product obtained by) 
reaction of a peptide boronic add as defined above and a strong organic base. Two illustrative 
classes of organic base are described in sections 4A and 4B below. Particularly pretend are acid 
10 sate (in which one of the **> boronic —OH groups is deprotenated). Most commonly, the sate 
contain a single type of organic counter-ion (disregarding trace contaminants) but me dfedo^re 
contemplates salts containing mitres of organic counteHons; in one sub-class, the drfferent 
oounter-ions all fall within the section 4A family described below or, as the case may be, m the 
section 2B family below? in another subclass, the sate comprise a mixture of organic counter-ions 
1 5 which are not all from the same family (4A or 4B). 

suitable organic bases indude those with a pKb of 7 or more, e.g. 7.5 or more, for example in the 
region of 8 or more. Bases which are less lipophilic [eg. have at least one polar functional group 
(e.g. 1, 2 or 3 such groups) for example hydroxy] are favoured? thus aminosugars are one flavoured 
20 dass of base. 

4A, Guanidines and tnefr analogues 

t 

The guanidino compound (guanine) may in principle be any soluble and pharmaceutically 
25 acceptable compound having a guanidino or a substituted guanidino group, or a substituted or 
unsubstltuted gflrtvn. analogue. Suitable substituents indude aryl (e.g. phenyl), atyl or « 
interrupted by an efer or thioether linkage and, in any event, typically contain from 1 to 6 and 
especially 1, 2, 3, or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group may 
have 1, 2, 3 or 4 substituent groups but more usually has 1 or 2 substituent groups, for instance on 
30 a terminal nitrogen. One dass of guanidinas is rnonoalkyfeted; another dass is dialkylated. As 
guanidine analogues may be mentioned thioguanidines and 2-amino pyridines. Compounds havmg 
unsubstltuted guanidino groups, for example guanidine and arginine, form one particular dass. 

Sate containing mixtures of guanidines are contemplated by the disclosure. 

A pernor guanidino compound is L-arginlne or an L-arginine analogue, for example D-arglnine, or 
the D- or, preferably, L- Isomers of homoarginine or agmatine [(4-aminobutyl) guanidine]. Less 
preferred arginine analogues are N^nitro-L-arginine methyl ester, for example, and construed 
guanidine analogues, particularly 2-amino pyridines, for example z^uinaatfnediamines such as 



35 



> 



• 
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*'*' 7 f ^ ^P' 6 ' 7,15 9Uan, ' dffl ° «W«nd may also be a 
peptide, for e^pfe B dipeptide, containing arginine; one such dipeptide is L^rosyl-L-arginlne. 

Some particular guanidino oompounds are compounds of formufa (Vn>: 



NHR 3 




X ITH (VI!) 

_ NH R2 

5 where n is from 1 to 6 and for example at Feast 2, e.g. 3 or more, and in many instances no more 
than 5 „ Most particularly, n is 3, 4 or 5. R 2 H or carboxyiate or deriyatised carboxylate, for 
example to form an ester (e.g. a C r C* alkyl ester) or amide. R* is h, Q-C, afkyl or a residue of a 
naturai or unnatural amino add (e.g. tyrosine). The compounds of formufa (IV) are usually of L- 
configuration. The compounds of formula (IV) are arginine (n=3; R^carboxyl; R^=H) and arginine 
xu derivatives or analogues. 

The disclosure inciudes products comprising salts of the formula OK) 



X- aa%a2-NH-C.H-B 



L 



Guanadino* (|X) 



15 



"here Guanadino* is the protonated form of a pharmaceutfcally acceptable organfc compound 
comprising a guanidino group or an analogue thereof; and aa\ aa 2, x and *> arB as defined above 
Also .ncluded are salts in which both hydroxy groups of me boronafe group are Jn sait form 
(preferably with another identical Guanadino*. group) and mixtures of such safe. Also included am 
products wherein Rl is replaced by another ftP group. 

20 4B r Strongly baste amines 

The disclosure includes products obtainable by (having the characteristics of a product obtained by) 
reaction of a peptide boronfc acid as defined above and a strong organic base which is an amine. 
The amine may in principle be any soluble and pharmaceutic^ acceptable amine. 

It : i . envisaged that a desirable class of amine indudes those having polar funcbonal groups in 
addrbon to a single amine group, as such compounds will be more hydrophilic and thus more soluble 
than others. In certain sate, the or each additional functional group is hydroxy. Some amines have 
lr 2 r 3, 4, $ or 6 additional functional groups, especially hydroxy groups. In one illustrative class of 



25 
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arnin^s the ratio of (amino plus hydroxy graups):carbon atoms is from 1:2 to the latter ratio 
being particularly preferred. These amines wfth one or more additional polar functional groups may 



be a hydrac$tbon r especially an alkane, substituted by the amino group and the additional polar 
groupfe). The amino group may be substituted or unsubstftuted and, excluding amino substrhjgints, 
the polar base may contain, for example, up to 10 carbon atoms; usually there are no less than 
three such carbon atoms, a.g~ 4, 5 or 6, AminosugarS are included In this category of polar bases. 

The disclosure includes products comprising salts of the formula (X) 



where A + is the protonafced form of a pharmaceutical!/ acceptable amine? and aa*, aa 2 , X and fc 1 are 
as defined above. Also Included are salts In which both hydroxy groups of the boronate group are in 
salt form (preferably with another identical A* group) and mixtures of such salts. In one dass of 
such products, A** is the protonated form of an amine described in section 2B(i) below; in another 
dass A 4 fs the protonated form of an amine described in 2B(H) below. Also included are products in 

which R 1 is nsptecfed by another group. 

Two illustrative dasses of amine base are described in sections 4B(i) and 4B(ir) below. Particularly 
preferred ate add salts (in which one of the two boronlc ~OH groups "is deprofxmated). Most 
commonly, th$ salts contain a single type of arnrne counter-ion (disregarding trace contaminants) 
but the disclosure contemplates salts containing mixtures of amina counter-ions; in one sub-dass, 
the different counter-ions all fall within the sub-sectfon 4B(i) family described below or, as the case 
may be, in the sub-section 4B(ii) family below; fn another subclass, the salts comprise a mixture of 
organic counter-tons which are not ail from the same family (4B(f) or 4B(ii)}- 

4B(r} Aminosugars 

The identity of the amfnosugar is not critical. Preferred ammosugars indude ring-opened 
sugars, especially glucamines. Cyclic arninostjgars ane afso envisaged as useful. One dass 
of the aminosugans is N-unsubstituted and another, preferred, class is N-substftuted by one 
or two N-substituents (e>,g, one). Suitable substJtuents are hydrocarbyl groups, for example 
and without limitation containing from I to 12 carbon atoms; the subststuents may comprise 
alkyl or aryl moieties or bath. Exemplary substfruents are C lr C 2r C s , Cg, C 5 , C 7 and C 6 
alkyi groups, in particular methyl and ethyl, of which methyl is illustrative, Data indicate 
that aminosugans, especlalfy N~methy(-D-glucamine, are of surprisingly high solubilfty. 
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A most preferred amTnosugar fs N-methyH>gfLrarnine; 




4B(il> Other amines 

Other suitable amines include amino adds (whether naturally occurring or not:) whose side 
chain is substituted by ah amino Qroup 7 especially lysine- 

Some amines are compounds of formula (XT); 

JsIHR 3 

H 2 N— (CH^ 




H (xr) 

R 2 

where n r R 2 and R 5 are as defined in relation to formula (2V). The compounds of formufa 
10 ( VI ) are usually of L-configuratfon. The compounds of formula (VI) are lysine (n~4; 

R 2 =carbo>cyi; R 5 =H) and lysine derfvatSves or analogues. A most preferred amine Is L-iysine. 

Other suitable amines are nftrogen-coniarnfng heterocycles. At least usually, such 
heterocyclic compounds are alfcydk? one class of the heterocyclic compounds Is N- 
15 substituted and another, preferred, class is N-unsubstftutsd. The heterocycles may contain 

S rfng~fbrmlng atoms, as in the cases of piparfdine, piperazine and morphotine. One class of 
amines includes N-containing heterocycles substftuted by polar substituents, especially 
hydroxy, e.g, 1, 2 or 3 times. 

20 The disclosure therefore includes amines other than aminosugars which have* one or more 

(e.g, 1, 2, 3, 4, 5 or 6) pofer substituents, especially hydroxy, in addition to one amine 
group. Such compounds may have a ratio of (amino plus hydroxy groups):carbon atoms of 
lt2 to lil f the latter ratio being particularly preferred. 

25 The disclosure Includes mixed salts, i.e. salts containing a mixture of boropeptide moteties and/or 
counterions but single salts are preferred. 



30 



The salts in solid form may contain a solvent e.g. water. There are induded a class of products in 
which the salts are essentially anhydrous. Also induded Is a dass in which the salts are hydrates. 



Syrytfyetfc Methods 
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1. PepffdsirpatiBdi^ meftic Synthesis 

The synthesis of boropeptides, including, for sample, Cbz-D-Phe-Pro-BoroMpg-OKnaaal is familiar 
5 to those skilled In the art and described in the prior art mentioned above, including Claeson et at (US 
5574014 and others) and Kakkar et al (WO 92/07859 and family members including US 5648338). 
It is described also by Elgandy et ai Adv. &p. Med. Bhh (USA) 340:173-178, 1993; Qaeson.G. et a! 
BiochemJ. 290:309-312, 1993; Peadman et ai J. Enzyme Inhibition 9:29-41, 1995, and by Deadman 
et al J. Med. Cham. 38:1511-1522, 1995. 

10 

By way of example, a P2 amino acid, e.g. proline, is coupled with a compound which will form the 
P3 residue, e.g. Cbz-4fluorophenylalanine (commercially available), under peptide coupling 
conditions, to form a dlpeptide. 

15 The end product dipeptide is reacted with an aminoboronate corresponding to the desired PI 
residue, e.g. boroMpg, to form the final product 

Stereoselective synthesis with S or R configuration at the chiral B-terminal carbon may be conducted 
using established methodology (Elgendy et al Tetmhedron* Lett. 33:4209-4212, 1992; WO 92/078S9 
20 and family members including US 5648338) using (+) or (-)- pinanediol as the chiral director 
(Matteson et al J. Am. Chem. Soc 108:810-819, 1986; Matteson et al Organometeirics. 3:1284-1288, 
1984). Another approach Js to resolve the requisite aminoboronate intermediate (e.g. Mpg- 
BOPinacol) to selectively obtain me desired (R)-isomer and couple it to the dipeptide moiety (e.g. 
Cbz-(R.)-4-P-Phe-(5>Pio) which will form the remainder of the molecule. 

25 

For additional Information on peptide synthesis, the stalled reader is referred to The Peptides", Vol. 
1-3, Edited by Erhard Gross, Johannes Meienhofer,I979 CVol.l), 1980CVol.2), 1981fVo!.3), Academic 
Press. 

30 The boropeptides may be synthesised initially in the form of boronic acid esters, particularly esters 
with diols. Such diol esters may be converted to the peptide boronic acid as described next. 

2. Ester to Ac?d_Conversfon 

35 A peptide boronate ester such as Cb?-CR)-1-F-Phe-Pro-boroMpg-OPinacol may be hydro lysed to form 
the corresponding add. 

A novel technique for converting a dial ester of a peptide boronic acid of formula (1) into the add 
comprises dissolving the diol ester in an ether and particularly a dialkyl ether, reacting toe thus- 



9. MAR. 2004 17:52 



HARRISON 60DDARD FOO 



NO. 567 



P, 35/94 



P04ill3GBi.3 



31 



dissolved diol with a diolanmine, fbr example a dialkanolamine, tD form a product precipitate,, 
recovering the precipitate, dissolving it in a polar organic solvent and reacting the thus-dissofved 
product with an aqueous medium, e,g. an aqueous add, to form the peptide boronic acid. The 
boronic acid may be recovered from the onganto layer of the mixture resulting from the reaction, for 
5 example by removing the solvent, e.g. by evaporation under vacuum or distillation. The reaction 
between the did aster and the dfolamine may be carried out under reflux, for example. 

The identity of the diol Is not critical. As suitable diols may be mentioned aliphatic and aromatic 
compounds having hydrtoy groups that are substftuted on adjacent carbon atoms or on carbon 
10 atoms substituted by another carbon. That is to say, suitable dials include compounds having at 
least two hydroxy groups separated by at least two connecting carbon atoms in a chain or ring. One 
class of diols comprises hydrocarbons substituted by exactly two hydroxy groups. One such diol is 
pinacol and another Is pinanediol; there may also be mentioned neopentylglycol, 1,2-ethanediol, 1,2- 
propanedtol, i r 3-prapanedlal, 2,3-butanediol, i,2-diisoprapylethanediol, 5,6-decanediol and 1,2- 
15 dicydohexyletfianedtol. 

The alkyi groups of the dialkyl ether preferably have 1, 2, 3 or 4 carbon atoms and the alkyl groups 
may be the same or different. An exemplary ether is diethyl ether. 

20 The alkyt groups of the dialkanolamtoe preferably have 1, 2, 3 or 4 carbon atoms arid the alky] 
groups may be the same or different An exemplary dialkanolamlne is diethanolamins. The 
diethanolamine/boronic acid reaction product hydrotyses in water at room temperature and the rate 
of hydrolysis may be accelerated by adding acid or base. 



25 The polar organic solvent is preferably CHd 3 . Other examples are palyhalogenated alkanes 
generally and ethyl acetate- In prinripfe r any polar organic solvent is acceptable other than alcohols, 

* 

The aqueous acid fs suitably a strong inorganic acid at a pH in the region of 1 such as hydrochloric 
acid, fbr example. 



After reaction with the acid, the reaction mixture is suitably washed with, for example, NH 4 CI or 
another mild base. 

An example of a specific procedure is as follows 
35 1. The pinacol or pinanediol ester of the selected peptide boronTc acid is dissolved tn dfethylether. 
2. Diethanolamine Is added and the mixture Fs refluxed at 40 °CL* 

3. The precipitated product is removed (filtered), washed- (usually several times) with diethyl ether 
or another polar organic solvent other than an alcohol, and dried (e.g. by evaporation under 
vacuum)- 



30 
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4. The dry product Ss dissolved in a polar organic solvent otfier than an alcohol, e.g fc CHd 3 . Aqueous 
add or base is added ,e.g. hydrochloric acid (pH l) f and the mixture Is stirred for e.g. approximately 
Ih at room temperature 

5. The organic layer is removed and washed with NHjCl solution* 

5 5, The organic solvent Is distilled off and the residual solid product is dried. 

The above process results in the formation of what may conveoisntfy be referred to as a ^diolamlne 
addiicf of the peptide balxmlc adds of formula CO# especialfy Such adducts with diethanolamine, and 
such adducts ana themselves Included in the disclosure. The molecular structure of such adducts Is 
10 not known: they might comprise a compound In which the two oxygens and the nitrogen of the 
dtofamine are all coordinated to the boron? they might comprise tons. The adducts are however 
considered to be esters. A particular navel product fnduded in the disclosure is that obtainable by 
reacting a pfnacol or pinanediol ester of a compound of Formula VHI, particularly Cbz-(R)-4-PPhe- 
(S)HPno ^-boroMpg- 

15 

It will be appreciated that the aforegoing technique comprises an example of af method for 
recovering an organoboronic acid product, the method comprising providing in a solvent a dissolved 
mixture comprising the onganoboronfc add in a soluble form and a compound having two hydroxy 
groups and an amino graup (i.e. a dlolamfne), causing or allowing the organoboronic acid and the 
20 diolamine to react to form a precipitate, and recovering the precipitate. The soluble form of the 
organoboronic acid may be a dial ester, as discussed above. The solvent may be an ether, as 
discussed above. The organoboronic add may be one of the organoboronic acids referred to in Oils 
specification, for example ft may be of Formula (I) or (HI). The method described in this paragraph 
is novel and forms an aspect of the disclosure. A recovery method is filtration. 



25 



# 



The reaction between the diolamine and the soluble form of the organoboronic acid is suitable 
carried out at an elevated temperature, for example under reflux. 



Another aspect of the disclosure Es a method for recovering an organoboron species, comprising 
30 providing, in a form soluble in an ether, an organoboronic acid, for example a drug such as, 

e.g. , a compound of formula (III); 

forming a solution of the soluble form In the ether; 

combining the solution with a dialkanolamine and allowing or causing the diaffcanolamine to 
react with the soluble form of the organoboronic add to form an msoiuble precipitate? and 
3 5 recovering the precipitate. 

The term ^soluble" in the preceding paragraph refers to species which are substantially more solubfe 
in the reaction medium than is the precipitated product. In variants of the method, the ether is 
replaced by toluene or another aromatic solvent. 
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The diethanolamine predpitatton technique described above is an example of another novel method, 
which is a method for recovering from ether solution a pinacol or pinanediol ester of a peptide' 
boronic acid, comprising dissolving diethanolamine in the solution, allowing or causing a predpitate 
5 in form and recovering the precipitate. The disclosure encompasses variants of this methods in 
which another dial than pinacol or pinanediol is used. 

The precipitated material, i.e. the "adducf, may be converted into the free organoboranic acid, for 
example by contacting ft with an acid. The add may be an aqueous add, for example an aqueous 
10 inorganic acid, e.g. as described above. The pteeipflsbe may be dissolved, for example in an organic 
solvent, prior to being contacted with the acid. 



15 



The disclosure therefore provides a method for making an onganoboronic add, comprising 
converting Its dfolamine reaction product to the add. 

The acid resufo'ng tram the methods described in the previous two paragraphs may be converted to 
a salt of the acid with a multivalent metal, which salt may in turn be formulated into a 
pharmaceutical composition in parenteral dosage form. 

20 3. Salt Synthesis 

Acid addition salts may be prepared by contacting ih& boronfc atfd compound with a* 
pharmaceutical!? acceptable add, notabfy a strong acid. 

25 In general, the base addition sate may be prepared by contacting the relevant peptide boronic acid 
with a strong base appropriate to form the desired safe. In the case of metal salts, the metal 
hydroxides are suitable bases (alternatively, metel carbonates might be used, for example), whilst 
sometimes it is more convenient to contact the acid with a relevant metal altaxide (e.g. methaxlde), 
for which purpose the corresponding alkanol is a suitable solvent. Salts with organic bases may be 

30 prepared by contacting the peptide boronic add with the organic base itself. Illustrative sate are 
acid sate Cone ^BOH proton replaced) and, to make add sate with a monovalent cation, the acid 
and the base are suitably reacted in substantially equimolar quantities. Generally stated, therefore, 
the usual acid:base moiar ratio is substantially ml, where n is the vafency of the cation of the base. 

35 In one procedure, a solution of the peptide boronic acid in a watsr-misdble organic solvent, for 
example acetonitrile or an alcohol (e.g. ethanol, methanol, a propanol, for example iso-propanol, or . 
another alkanol), is combined with an aqueous solution of the base. The add and the base are 
allowed to react and the salt is recovered. The reaction is typically carried out at ambient 
temperature (e.g. at a temperature of from 15 to SO^C, e.g. IB to 25 6 C), but an elevated 
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temperature may be used, for example up to the boiling point of the reaction mixture but more 
usually lower, e<g. a temperature of up Co 30 D C or 50 D G The /eadaon mixture may be allowed to 
stand or be agitated (usually stirred). 

5 The time during which the acid and the base are allowed to react is not critical but it has been found 
desirable to maintain the reaction mbcture for at least one hour. A period of from one to two hours 
is usualry suitable but longer reaction times may be employed. 

The salt may be recovered from the reaction mixture by any suitable method, for example 
10 evaporation or precipitation. Precipitation may be carrfed out by adding an exoess of a mEsdbfe 
solvent In which the salt has limited solubility. In one preferred technique, the salt is recovered by 
evacuating the reaction mbdure to dryness. The salt is preferably thereafter purified, for example fay 
nedlssoMng the salt before filtering the resulting solution and drying \% for example by evacuating it 

* 

to dryness. The redissolution may be performed using water, e,g„ distilled water. The salt may then 
15 be further purified, for example in order to remove residual water by further redissofutlon in a 
suitable solvent, which is advantageously ethyl acetata or THF followed by evaporating to dryness. 
The purification procedure may be carried out at ambient temperature (say, 15 to 3Q°C, e.g> 15 to 
25°Q r or at □ modestly elevated temperature, such as e.g. a temperature not exceeding 40°C or 
5CFC; for eicampla the salt may be dissolved in water and/or solvent by agitating with or without 
20 wanning to, for example, 37°G. 



Also included Is a method for drying the salts of the disclosure and other peptide boronlc add salts, 
comprising dEssolvfng them in an organic solvent, e.g. ethyl acetate or THF, and then evaporating to 
dryness, e.g„ by evacuation. 

25 

Generally, preferred Solvents for use in purifying the salts are ethyl acetate or THF r or perhaps 
another organic solvent 

4 

A general procedure far synthesislng salts of Cbz-4"F-Phe-Pro~BoraMpg'-OH fs as fallows! 

30 

Cb2-4-F«Phe-Pro-BoroMpg-OH (3&imM) is dissolved In acetonltrife (200m!) with stirring at room 
temperature. To this solution is added the requisite base in solution In distilled water (lSQml); the 
base is added as a 0JZM solution far a monovalent cation. The resultant dear solution is allowed to 
react for example by being left to stand or being agitated, for a usual period, m either case, of from 
35 one to two hours. The readfan is typically carried out at ambient temperature (e.g. 15-30*0, e,g. 15 
to 25°C) but alternatively the temperature may be elevated (e.g. up to 30°C, 40°C or 5CpC), The 
reaction mixture is then evacuated to dryness under vacuum with its temperature not exceeding 
37°C, The product fs redissolved in the minimum amount of distilled water necessary (200ml to 4L), 
typically with warmrng (e.g« to 3D- J TO°C), usually for up to 2 hourSi The solution fs filtered, suitably 
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through filter paper, and evacuated to dryness, again with the temperature of the solution not 
needing 37*C, or freeze dried. The resultant product is dried under vacuum overnight to normally 
. y/eld a ««. v the product is present as an oil or tacky solid then ft is dissolved in ethyl acetate and 
evacuated to dryness to produce the product as a solid. 

5 

In variations of the aforegoing general procedure, the acetonltrfle is replead by another water- 
nwfife organic solvent, notably an alcohol, as discussed above, especially ethanol, methanol, iso- 
propanol or another propanol. 

10 Where a boronic Bad salt is less soluble in a selected reaction medium for salt formation such that 
duect preparation from the corresponding acid and base is inconvenient, the iess soluble salt may 
be prepared from a salt more soluble in the reaction medium. 

There is provided also the use of a boronic acfd to make a salt of the disclosure. Induded also is a 
method of preparing a product of the disclosure, comprising contacting a boronfc add, e.g. of 
formula (I), (II) or Cm), with a base capable of making such a salt. 

The peptide boronic acid of formula © used to prepare the pharmaceutical preparations is typically 
of GLP or gmp quality, or in compliance with GLP (good laboratory practice) or GMP (good 
20 manufacturing practice); such acids are included in the disclosure. 

Similarly the adds are usually sterile and/or acceptable for pharmaceutical use, and one aspect of 
the disclosure reside in a composition of matter which Is sterile or acceptable for pharmaceutical 
use, or both, and comprises a peptide boronic acid of formula Such a composition of matter 
25 may be in particulate form or in the form of a liquid solution or dispersion. 

The acid may be in isolated form and such isolated acids are included in the disclosure. 



15 



30 



& Separation of Stereo isnmsu-g 

The stereoisomers of a peptide boronic ester or a synthetic intermediate aminoboronate may be 
resolved in, for example, any known way. In particular, stereoisomers of boronic esters may be 
resolved by HPLC. 

35 S- Sp ecific By ntftsrefc , 

\ 

This method addresses the problems of controlling C-B bond cleavage in organoboronic compounds 
as well as providing chlrafly purified on a commercial scale. In this regard, it has been found that C- 
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B bonds seem to be cleaved by a non-oxidative mechanfsm which occurs In the presence of many 
solvents, fnduding water and e.g. aqueous acids and bases, amongst others. 

Chirafly-sefectfve precipitation may be used to recover organoboronlc adds tn high purity. 

5 

Thus C-S bond deavage may be controiied by: 

* Selection of acetonitrile as a solvent Wher£ a solvent is required in processing and scetonitriie 
has the necessary solvation power; in particular acetonitrile is selected In process where a polar 
solvent 5s desirable or necessary* 
10 « Avoiding excessive contact with water. . 

In terms of trlpeptfde boronate salt production, therefore, tfie disdosune indudes processes 
composing one, tvvq or three of the following features: 

(0 resalutrart of the (R,$,S) and (R^R) epltnens of the borobipeptJde by chftralfy selective 
1 5 precipitation using diethanoEamine and conveniently,, but not necessarily, using as starting 

material Tftl 5QF in the form of an ester, for example the pinacol ester; 

(ii) control of the duration and/or conditions of hydrolysis of the borotripeptide 
diethanolamine ester, for eosarnple as obtained by such precipitation, to control C-B bond 
20 breakage; 

t 

" i 

(fif) use of acetonrtrile as solvent for the borotripeptide, for example as obtained by such 
hydrolysis, for the purposes of reacting the borotripeptide with a base fca form the salt, 
Another favourable sorvent can be tetrahydrafuran . 

25 

As an optional, or even stand-alone, fourth feature, the borotripeptide base addition salts may be 
dried by azeodryfng using acetonitrile. 

K Es considered that C-B bond cieavage may occur by a nudeophflfc mechanism,, and the disclosure 
30 therefore includes methods in which opportunities for nudeophilic attack are minimised. 

The above four features, or any one, two or three of them,, may be applied to the manufacture and 
processing of other boronic compounds,, particularly acids of formula (I) and tiheir derivatives (e.g. 
esters and salts). 



The disclosure provides in one aspect, therefore, the use of drethanolamine to resolve by selective 
predpifcattart the dtesbsreomers of the disdosed bofonic acids, exemplified bebto by reference to 
boronic adds of formula (I). The starting material may be an acid (I) or s derivative thereof capable 
of forming a diethanolamine ester of the boronic acid. The predptetton selects acids having a chiral 
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centre C* of (R) configuration as precipitate. The precipitate may be recovered and converted to 
the corresponding boronic add or a salt thereof. The salt may be made into a ptenroceutica! 
formulation. 



5 For optimised chiral purity and yield, the diethanolamine may be used in an amount of about 1.25 ± 
O.i equivalents based on Infer equivalents of borortic add having a chiral centre O* of (r) 
configuration. 



10 



The initial boronlc acid or add derivative may fbr example comprise from 50% to 60% molecules 
having chiral centre C* of (Reconfiguration and from 40% to 50% molecules having chiral centre C* 
of (S)-configuration. 



20 



The method opens the way to commercialisation of the boronfc acids 00 and their derivatives, 
particularly salts, as pharmaceuticals. Commerdal scale products and activities using the boronfc 
15 adds (I) and their derivatives are therefore provided. 

In one embodiment^ there is provided a process for separating diastereomers of a boronic acid of 
formula fl), comprising? 

combining in dfethytether solution (A) a boronic spedas selected from the boronic acid (I) 
and its esters, the boronic species induding molecules having a chiral cenire C* of (R) configuration 
and molecules having a chiral centre C* of (S) configuration, and (B) dlethanolamine, the 
diethanolamlne being in an amount of about 1.25 ± 0.1 equivalent based on the boronic species in 
which the chiral centre C* is of CR) configuration, and mixing to form a mfctura; 

causing or allowing the boronic species and the diethanobmine to react until a precipitate 
25 forms; and 

recovering the predpitafce. 

When the starting material is an ester, it may be an ester of the boronic acid wfth an alcohol 
selected from the group consisting of alcohols whose sole potential electron donor neteroatoms are 
3 0 oxygens which, in the boronfc ester, correspond to the oxygens of the ester functional group. 

In some methods, the diethanolamlne is in an amount of from 1.2 to 1.3 equivalents based on the 
boronic species in which chiral centre C* is of (R) configuration. 

35 There are included processes in which ihe boronate spades is an ester of the boronic acid and a 

dior, in particular a did which is not sterically hindered. As exemplary diofe may be mentioned , 
pmacol, neopentylglycol, 1,2-ethanedfol, 1,2-propanedioI, 1,3-propanediol, 2,3-butanediol, 1,2- ' 
diisopropylethanediol, or 5,5-decanediof. A particular diol is pinacof. 



0097128 09-Mar-04 05:11: ■ ) 

■ ^ ■ — 1^ * f - ^ ^ * ' J"T««*-' . I 



9. MAR. 2004 17:54 HARRISON GODDARD FOO NO. 567 P. 42/94 

PtWU13GBi3 

The boronfc specfes and the diefhanofemine may be caused to react by heating the m&tuna to an 
elevated temperature, for example the mixture may be refluxad, e.g. for at least 10 hours. 

The precipitate rnay be recovered by filtration. The recovered precipitate may be washed wrth 
5 diethylettier. The recovered predprfcats, after washing if such takes places, may be dissolved In a 
solvent selected from CH2G2 and CHCS3 and repreciprtated by combining the resulting solution wfth 

dfethyfethsr. A particular solvent is CH2Q2- 

The recovered precipitate may be converted to the add of formula (I), suitably by hydrolysis, for 
iO example by dissolving the precipitate in an organic solvent selected from e.g. halohydrocarbons and 
o^mbinatJorifi thereof, agftating the resulting solution wfth an aqueous liquid, e.g. an aqueous add 
having a pH of below 3, whereby the dissolved precipitate Es converted to the formula CO add, and 
recovering the formula (J) acid by evaporation. The organic solvent may be CH^C^ or CHCl 3 . A 

particular solvent fs CH2CI2* In some processes organic solvent Is further evaporated from the 

15 recovered formula (I) add* 

The dlsdosure indudes methods in which an ester of a boronfc acid CD, particularly a diefchanolamfne 
ester, fe hydrolysed in a manner which controls C-B bond cleavage. In particular, this involves 
limiting the period of hydrolysis at the selected temperature. In the case of dfethanolamfne ester 
20 hydrolysis, the hydrolysis is suitably carried out at room temperature, or less, for a period not 
exceeding about 30 minutes, e.g. not exceeding about 2D minutes, and optimally of about 2D 
minutes. 

Thus the recovered precipitate referred to in the fast paragraph but one may be hydrolysed using an 
25 aqueous acid, particularly 2% hydrochloric add or another mineral add of similar pH, for no more 
than about 30 minutes at about roam temperature, or less. Suitably, the precipitate Is dissolved in a 
non-nucJeophiiic organic solvent (e.g. a halohydrocarbon or* hatohydrocarbon mixture for example 
CH2CI2) artd the resulting solution is contacted vvrth the aqueous add for a period as previousfy 

described. Tfr& predpitate is thereby hydrolysed to form the free acid of formula (I)/ whtdt remains 
30 in the organic solvent The organic solvent may be separated from the aqueous medium and then 
evaporated to obtain solid add of formula I. 

There are included processes in which a formula (I) add r for eocampte obtained as described in the 
preceding paragraph, is dried. In 3 dass of processes, the formula (I) add is dried when It Is in the 
35 organic solvent by contacting the solvent with a hygroscopic solid. 

Included are processes in which the formula (I) acid, when in the organic solvent, is washed with an 
aqueous ammonium salt. 
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ChiraJty purified boronic add may be converted to a pharmaceutical!/ acceptable base addition safe 
thereof, in particular by dissolving the acid in acetonitrile, combining the resultant solution with an 
aqueous solution or suspension of a pharmaceuficalfy acceptable base, and causing or allowing the 
5 base and the add to react, then evaporating to dryness to obtain an evaporation residue. The step 
of causing or allowing toe add and the base to react may comprise agitating the combination of the 
acetonitrile solution of the acid and the aqueous solution or suspension of the base at a temperature 
of not more than 35*C and often of not more than 30*C, e.g. not more than 25°C; an optimal 
temperature is room temperature, in which case a reaction time of about 2 hours might be 
1 0 appropriate, The process may further comprise: 

CD redlssolving the evaporation residue In acetonitrile and evaporating the resulting 
solution to dryness; and 

CO repeating step CO as often as necessary to obtain a dry evaporation residue. 

15 In some processes the dry evaporation residue is dissolved in acetonitrile or tetrahydroftiran to form 
a solution, and the solution ts combined with (e.g. slowly added to, at a rate sufficiently slow to 
avoid lump formation) a 3:1 to 1:3 v/v mixture of diethylether and an aliphatic or cydoalfphatic 
solvent to form a precipitate, said solution being added to the diethyfether/(cydo)aliphatic solvent 
mixture in a ratio (solution; mfcture) of from 1:5 to 1:15 v/v. The predpifcate is recovered and some 
20 or substantially all remaining solvent is removed from the recovered precipitate whilst maintaining 
the temperature at no more than 35°C, e.g. is removed under reduced pressure, included are 
processes in which the temperature at the start of the drying process is about 10°C and is increased 
during the process to 35°C The aliphatic or cycloariphatJc solvent may have 6, 7 or 8 carbon atoms; 
the solvent may be an alkane, for example an n-alkane, e.g. n-heptane. Some reactions may be 
25 carried out at ambient temperature, which may e.g. be 15-30°C, e.g. 20-30°C; sometimes ambient 
temperature may be roam temperature. 

The salts produced by the invention may contain a trace amount of the aliphatic or cyclosliphatic 
solvent, e.g. an amount of less than 0.1%, particularly less than 0.01%, for example an amount of 
30 about 0.005%. 

In the process for making me salt, the base may comprise a cation of valency n and be used in a 
stoichiometry (boronic acid:base) of about n:l. In particular processes, the base is an alkali metal 
or alkaline earth metal base, for e^mpfe an alkali metal hydroxide or an alkaline earth metal 
35 hydroxide. As one base may be mentioned sodium hydroxide. As another base may be mentioned 
caldum hydroxide. The disclosure indudes processes in which the base is sodium hydroxide and the 
dry evaporation residue fe dissolved In acetonitrile. The disclosure includes processes in which the 
base is caldum hydroxide and the dry evaporation residue is dissolved in tetrahydroforan. 
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The disclosure Is not Itmfted as to the method by which the boronic adds of Formula (I) are obtained 
(for example as an aster thereof). However, in one class of subject matter, the Formula (I) add has 

en group of the formula -CCH2) s -0"^ 3 in which R 3 Is methyl or ethyf and s is Independently 2 r 3 

or 4, and the Formula (1) arid is prepared via an intermediate of Formula (XXV); 

whidh Intermediate is made by reaction between a borate ester and a surtabk 1- 
metailoalkaxyalkane. 

A navel aspect of the disclosure comprises the Formula (XXV) intermediates. 

10 

-The Formula p<XV) intermediates may be made by reacting a i-rnetalloalkoxyaikane, where the 
alfcoxyalfcane is of the formula -(CH^s" 0 " 1 ^ with a borate ester to form a compound of Formula 
(XXV). 

15 It will be appreciated that the above method provides a general procedure for making 
alko>cyalkyfborionic acids, which may be presented by the formula R^-R Y HB(GH)2. Such 

alkoxyalkyiboronic acids may be converted to aminoboronalfis r and the amfaoboroftates way be 
derivatlsed at their amino group to form an amide bond linked to another moiety, In other words, 
the aminotoronates may be converted to bora peptides, The method will now be described further 
20 with nan-limiting reference to compounds of Formula (XXV), 

The starting materials far the reaction may be a mefalloaltascyalfcane, e-g„ a Grigh&rd reagent, 
obtainable from 1-haloalkoxyaltene of the fcnT>ute HaHCH2)«rO-R 3 (where Hal is a halogen) and a 

borate ester. The metal Is In particular magnesium. Another metal Is lithium, in which case the 
25 meiallo reagent may be prepared by reacting the I-haloalkoxyallone with butyl lithium- Where the 
method indudes preparation of the metallo reagent from the haloalkoxyalkane, the haloalkoxyalkane 
may be a chloroalkoxyalkane; the corresponding brorna compounds may also be used. To make a 
Grignard reagent, magnesium may be reacted with the haloalkoxyalkane. 

30 Suitable borate esters are esters of mono- and dHuncb'onal alcohols (e.g. of EtOH, MeQH, BuQH, 
pinacol, gfyca!, pinanediol etc), For example, Hie ester may be of the formula B(OR?)(OR b )(OR c ) 
where R a r Rp and R c and C^-C4 alkyl and may be the sama as each other, 

An exemplary procedure for making a Formula (XXV) intermediate, illustrated with reference to 
3 5 methoxypnopane as the alkoxyalkane species, fss 
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The reactions are suitably carried out in an organic solvent, e.g. THF. 

The above-described procedure for maldng. alkoxyalkyiboronic acids avoids generation of Impurity ' IV 
(see above), or its analogues in those cases where the end product is not TRI 50F or a derivative 
(salt, ester etc) thereof. The procedure therefore provides a unique route to making TRI 50F, its 
asters and salts, unconfaminated by Impurity IV, and for making other aminoboronic acids which are 
substituted a- to the boron by an alkoxyalkyl group and are unconfaminated by impurities analogous 
to Impurity IV. 

An alkoxyalkyiboronic acid, i.e. a compound which may be represented by the formula rZ-Q-pX- 
B(0H)2, may be converted to an aminoboronic compound, for example a boropeptlde, by any 
suitable procedure, e.g. one known in the art. A reaction scheme for making alkoxyalkyiboronic 
adds into aminoboranates, and for converting aminofaoronatee into peptfde boronates is illustrated 
witf, reference to synthesis of TRI 50F at the start of the Examples of this specification. The 
reaction scheme may be modified as desired, e.g.: diethanolamine precipitation and subsequent 
steps may be omitted, and/or reagent subsbtubons may be made. For example, pinacoi may be 
replaced by another dfof. LDA is a non-nucfeophilic strong base and may be replaced by another 
such base. Other examples include, but are not limited to, lithium diisopropyfamide, lithium 2,2,6,6- 
tetramethylpiperi'dine, 1-Jithium 4-methyipiperazide, 1,4-dilithium piperazide, lithium 
bisCtrimethylsilyl) amide, sodium bis(trimethylsilyl)amide, potassium bis(trimethyrsilyi)amid e , 
isapropyl magnesium chloride, phenyl magnesium chloride, lithium diethylamide, and potassium tert- 
butoxide. The reactions may be carried out in any suitable solvent? where n-heptane is used in the 
Examples, it may be replaced by another inert non-polar solvent^ e.g. another aliphatic or 
cycloaliphatic solvent, for example an alkane, e.g. an n-alkane. 

The product is an aminobononate of Formula (XXI) 



H 2 N- 



C(RX) — B(OH). 



30 wherein 



O 
1 



(XXI) 
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n 



15 



20 



42 



r£ is H or a substrfcuent which does not prevent synthesis; 
rT is alkylene; and 
R? Is aikyij 

the proems uprising reacting a i-metalloalkox/alfene with a borate ester to form a boronic acid 
5 of the formula rZ^-rY-SCOHJz, esterifying the add, contacting the esterified add wtth CH 2 CI 2 and 
ZnCI 2 in the presence of a strong base, contacting the resultant produce wrm LiHMDS and in turn 
contacting the resultant product with hydrogen chloride. 

The product is flee of contaminant of Formula pXH): 
10 H 2 N-C(R%R Y )-BCOH) 2 QUE). 

The aminoboronate (XXI) may be reacted with an amino add or peptide (which in either case may 
be suitabV protected) to form a peptide boronate. In general terms, therefore, the disdosure 
fndudes peptidoboronic adds of Formula (XXffl): 



Q— CO 



N 
H 



C(R*) — B(OH) : 



R Y 



O 



R z 

Q-CO comprises at least an amino acid residue; 

rX is h or a substituent which does not prevent synthesis? 

R Y is alkytene; 
R z is altyl, 

which organoboronic acid is free of an impurity of Formula (XXIV): 



(XXilt) 



Q-CO 



H 



C(RX) — B(OH). 



RX 



(XXIV) 



25 



The disdosure further indudes derivatives of Formula (XXHI) acids (e.g. 
esters)' Which are free of Formula (XXIV) impurity and derivatives thereof. 



I 

t 
I 
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The exact identify of rX and R z Is dependant on the identify of the end product, and not part of the 
process or its benefits. 

It Will be appredated from the aforegoing that the above described methods may be used in the 
manufacture of onganoboronfe adds salts as described- It is rat necessary for sequential steps to he 
carrFed out as one operation or at the same Site; they may be performed In this way or different 
processes (different parts of the overalf synthesis) may be distributed In Ems and/or space. 
Particular end product sate are monasadium, monolithium, hemicaldum and hemimagnesium salts, 
for example of TRI SOS, 

Generally/ the reactions may surtabfy be carried out with a non-nucleophillc solvent* Where a 
nudeophilic solvent Is present, minimum contact is preferred, for example In the case of hydrolysis 
of diethanolamfne estera. 

15 6> Products of Specific Synthesis 5 

The products of the invention include inter alia boronic acids, dietftanolamme esfcers and salts 
obtainable by (having the characteristics of a product obtafned by) the disclosed methods. Also 
included are products obtained dinediy or indirectly by the disclosed methods. 



Particular products of the invention are base addition salts of a boronic acid of formula (I) having the 
chiral purity of such salt when prepared by a method described herein. Other products are base 
addition salts of a boronic add of formula (I) having the purity of such salt when prepared by a 
method described herein. 



Product identities will be apparent from the preceding description and the following ©camples. In 
addition, products of the disclosure are 4 described in the dalms* Of particular note are the data In 
Example 9, Indicating that the processes of the invention can remarkably achieve end product salts 
free of impurities detectable by HPLC. _In other instances, ffte salts are substantially Free of 

30 impurities, e.g. at least 98% pure, mone usually at least 99% puna, e.g. at least 99.5% pure, in 
terms of reverse phase (RP) HPLC percentage peak area. Salts may at least '99.3%, 99.4%, 99,5% 
99.6%, 99.7%, 99.8% or 99.9% pure, in terms of reverse phase (RP) HPLC percentage peak area, 
Suitable RP HPLC procedures comply with reference i and/or tefer^ndk 2 and/or reference 3 of 
Example 43, Included also are products at least substantially free of Impurity I and analogues, 

35 products free of Impurity IV and analogues, and products containing small traces of non-polar 
. solvent, e.g. n-heptane. The trace amount of non-polar solvent may be less than 0.2%, 0.1%, 
0.05%, 0.01% or 0.005% as determined by GC-headspaoe chromatography. 

Included also are salts containing less than 410 ppm acetonitrile. 
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# 



Some salts contain Impurities of less than IO r OOO ppm, 5000 ppm, 1000 pprn, or 500 ppm> 



Use ofth& Products of the Pfscfasura 



5 



The compounds of the disclosure ane thrombin inhibitors. They are therefore useful for Inhibiting 
thrombin. Them are therefore provided compounds vvhich have potential for controlling haemostasis 
and especially for inhibiting coagulation, for example in the treatment or prevention of secondary 
events after myocardial infarction- The medicaf use of the compounds may be prophylactic 
10 OrKftiding to treat thrombosis as well as to prevent occurrence of thrombosis) as well as therapeutic 
(including to prevent re-occurrence of thrombosis or secondary thrombotic events). 

The compounds may be employed when an anti-thrombogenic agent is needed. Further, It has been 
found that the compounds, including those of boranTc ackls of Formula (m), are beneficial in that 

15 the dass Is useful for treating arterial thrombosis by therapy or prophylaxis. The disclosed 
compounds are thus indicated in the treatment or prophylaxis of thtombosis and hypercoagulability 
in blood and tissues of animals including man. The term ^thrombosis" includes inter alia atrophic 
thrombosis, arterial thrombosis, cardiac thrombosis, coronary thrombosis, creeping thrombosis, 
infective thrombosis, mesenteric thrombosis, placental thrombosis, propagating thrombosis, 

20 traumafcfc thrombosis and venous thrombosis. 

it js known that hypercoagulability may lead to thromboembolic diseases. 

Examples of venous thromboembolism which may be treated or prevented wfth compounds of the 
25 disclosure include obstruction of a vein, obstruction of a lung artery (pulmonary embolism), deep 
vein thrombosFs, thrombosis associated with cancer and canosr chemotherapy, thrombosis inherited 
with thnwbophilic diseases such as Protein C deficiency. Protein 5 deficiency, antfthrambin HI 
deficiency, and Factor V Leiden, and thrombosis resulting from acquired thmmbopbilic disorders 
such as systemic lupus erythematosus (inflammatory connective tissue disease), Also with regard to 
30 venous thromboembolism, compounds of the disclosure are useful for maintaining patency of 
indwelling catheters. 

Examples of cardiogenic thromboembolism which may be breated or prevented wfth compounds of 
the disclosure include thromboembolic stroke (detached thrombus causing neunological affliction 
35 related to impaired cerebral blood supply), cardiogenic thromboembolism associated with atrial 
fibrillation (rapidr irregular twitching of upper heart chamber muscular , fibrils), cardiogenic 
thromboembolism associated with prosthetic heart valves such as mechanical heart valves, and 
cardiogenic thromboembolism associated with heart disease, 
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Examples of conditions involving arterial thrombosis tncfude unstable angina (severe constrictive pafn 
in chest of coronary origin), myocardial infarction (heart muscle calE death resulting from insufficient 
blood supply), ischemic heart disease (local Ischemia due to obstruction (such as by arterial 
narrowing) of blood supply)/ reoccluslon during' or after percutaneous transluminal coronary 
5 angioplasty,, restenosis after percutaneous transluminal coronary angioplasty, occlusion of coronary 
artery bypass grate, and occlusive cerebrovascular disease. Also with regard to arterio-venous 
(mixed) thrombosis, anti-thrambotic compounds of the disclosure am useful for maintaining patency 
In arteriovenous shunts. 



10 Other conditions associated with hypercoagulability and thromboembolic diseases which may be 
mentioned inherited or acquired deficiencies In heparin cofactor II, circulating antiphospholipTd 
antibodies (Lupus anticoagulant), homocysteinemla, heparin induced thrombocytopenia and defects 
in fibrinolysis, 

15 Particular uses which may be mentioned include the therapeutic and/or prophylactic treatment of 
venous thrombosis and pulmonary embolism. Preferred indications envisaged for the products of 
the disclosure (notabty the compounds of TRI 50FQ include! 

» Prevention of venous thromboembolic events (e.g. deep vein thrombosis and/or pulmonary 
embolism). Examples include patients undergoing orthopaedic surgery such as total ftrp 
20 replacement, total knee replacement major hip or knee surgery; patients undergoing 

general surger/ at high risk for thrombosis, such as abdominal or peMc surgery for cancer; 
and in patients bedridden for more than 3 days and with acute cardiac failure, acute 
respiratory failure, infection. 

Prevention of thrombosis in the haernodialysfs circuit in patients, In patJents with end stage 
25 renal disease.- 

* Prevention of cardiovascular events (death, myocardial inferction, etc) in patients with end 
stage renal disease, whether or not requiring haemodiatysls sessions. 

* Prevention of venous thromboembolic events In patients receiving chemotherapy through 
an fndtoellifig catheter. 

30 « Prevention of thromboembolic events In patients undergoing lower limb arterial 

reoonstaidave procedures (bypass, endarterfectomy, transluminal angioplasty, etc). 

* Treatment of venous thromboembolic events. 

* Prevention of cardiovascular events In acurte coronary syndromes (e.g. unstable angfna, non 
Q wave myocardial Fschaemla/infanction), In combination with another cardiovascular agent, 

35 for example aspirin (aoetyJsalicyfic add; aspirin is a registered trade mark in Germany), 

thrombolytics (see beiow.fbr examples), antiplatelet agents (see below far examples). 

» Treatment of patients with acute myocardial infondjom in aomblnation with acetylsaficylic 
add, thrombolytics (see below for examples). 

* Prevention of thrombosis in extracorporeal liver detoxification. 
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• Flight DVT. 

* Preventing thrombosis during coronary artery bypass graft (CABG). 
» Prevention of thrombosis in extracorporeal blood circuits generally. 

. 5 The thrombin inhibitors of the disclosure are * thus indicated both in the therapeutic and/or 
prophylactic treatment of ail the aforesaid disorders- 

In one method, the products of the disclosure are used for the treatment of patients by 
haemodialysis, by providing the product in the dSafysis solution, as described in relation to other 

10 thrombin inhibitors in WO 00/41715. TTie disclosure therefore Includes diatysing solutions and 
dEalysing concentrates which comprise a product of the disclosure, as well as a method of treatment 
by dialysis of a patient in need of such treatment^ which method comprises the use of a dialysing 
solution Including a low molecular weight thrombin inhibitor. Also included is the use of an anti- 
thrombotic product of the disclosure for the manufacture of a medicament for the treatment by 

15 diarysfs of a patient, in which the antithrombotic product of the disclosure is provided in the 
dialysing solution. 

In another method, the products of the disclosure are used to combat undesirable cell proliferation, 
'as described in relation to other thrombin inhibitors in WO 01/41796. The undesirable cell 
20 proliferation is typicalfy undesirable hyperplastic cell proliferation, for example proliferation of 
smooth muscle ceils, especially vascular smooth muscle cells. Thes products of the disclosure 
particularly find application in the treatment of intimaf hyperplasia, one component of whidi is 
proliferation of smooth muscle cells. Restenosis can be considered to be due to neointirnal 
hyperplasia; accordingly intimal hyperplasia in the context of the disclosure includes restenosis. 

25 

Tfie products of the disclosure are also contemplated for the treatment of ischemic disorders. Mom 
partfeuiarfy, they may be used In the treatment (whether therapeutic or prophylactic) of an ischemic 
disorder in a patient having, or at risk of,, non-valvutar atrial fibrillation (HVAF) as described in 
relation to other thrombin inhibitors In WO 02/36157. Ischemic disorders are conditions whose 

30 results include a restriction in blood flow to a part of the body, The term wiii be understood to 
include thrombosis and hypercoagulability in blood, tissues and/or organs. Particular uses that may 
be mentioned include the prevention and/or treatment of ischemic heart disease, myocardial 
infairtion, systemic embolic events in e.g. the kidneys or spleen, and more particularly of cerebral 
ischemia, including cerebral thrombosis, cerebral embolism and/or cerebral ischemia associated with 

35 non-cerebral thrombosis or embolism (in other words the treatment (whether therapeutic or 
prophylactic) of thrombotic or ischemic stroke and of transient ischemic attack) r particularly in 
patients with, or at risk of, KVAF. 
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The products of the disclosure are also contemplated fbr the treatment of rheumatic/arthritic 
dteonderc, as described In relation to other thrombin inhibitors in WO 03/007984, Thus, the products 
of the disclosure may be used in the treatment of chronic arthrrtfc, rheumatoid arthritis, 
osteoarthritis or ankylosing spondylitis 



Moreover, the products of the diadosure are expected to have utility in prophylaxis of re-ocdusfon 
(La. thrombosis) after thrombolysis, percutaneous trans-luminai angioplasty (FTA) and coronary 
bypass operations; the prevention of re-thrombosis after microsurgery and vascular surgery in 
general. Farther indications include the therapeutic anchor prophylactic treatment of disseminated 
10 intravascular coagulation caused by bacteria, multiple trauma, intoxication or any other mechanism; 
anticoagulant treatment when blood is in contact with foreign surfaces in tihe body such as vascular 
grate, vascular stents, vascular catheters, mechanical and biological prosthetic valves or any other 
medical device? and anticoagulant treatment when blood is in contact wfth medical devices outside 
the body such as during cardiovascular surgery using a heart-lung machine or in haernodfalysis. 



The products of the disclosure are further indicated in the treatment of conditions where there is an 
undesirable excess of thrombin without signs of hypercoagulability, for sxampte in 
neurodegenerative diseases such as Alzheimer's disease, In addition to 5te effects on the 
coagulation process,, thrombin is known to activate a large number of cells (such as neutrophils, 



may also be useful for the therapeutic and/or prophylactic treatment of idiopathic and adult 
respiratory distress syndrome, pulmonary fibrosis following treatment with radiation or 
chemotherapy, septic shocks septicaemia, inflammatory responses, Vvfuch include, but are not limited 
to, edema, acute or chronic atherosclerosis such as coronary arterial disease, cerebral arterial 
25 disease/ peripheral arterial disease, reperfijsion damage, and restenosis after percutaneous trans- 
luminal angioplasty <FTA), 

The compounds may also be useftil in the treatment of pancreatitis. 

30 The compounds described herein are further considered to be useful for inhibiting platelet 
procoagulant activity. The disclosure provides a method for inhibiting platelet pro-coagulant activity 
by administering a salt of a boronic acid described herein to a mammal at risk of, or suffering from, 
arterial thrombosis, particularly a human patient Also provided is the use of such compounds for 
the manufacture of medicaments far inhibiting platelet prooaagulant activity. 



The use of products of the disclosure as inhibitors of platelet pro-coagulant activity Is predicated on 
the observation that the boronic aefda described herein are indicated to be effective at inhibiting 
arterial thrombosFs as well as venous thrombosis. 



5 



15 



20 



fibroblasts, endothelial cells and smooth muscle cells). Therefore, the compounds of the disclosure 



35 
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- Indications Involving arterial thrombosis indude acute coronary syndromes (especially myocardial 
infarction and unstable angina), cerebrovascular thrombosis and peripheral arterial occlusion and 
arterial thrombosis occurring as a result of atrial fibrillation, valvular heart disease, arterlo-venous 
shunts, indwelling catfieters or coronary stents. Accordingly, in anotoer aspect there is provided a 
5 method of treating a disease or condition selected from this group of indications, comprise 
administering to a mammal, especial* a human patient, a salt of the disclosure. The disclosure 
includes products for use in an arterial environment, e,g. a coronary stent or other arterial implant, 
having a coating which comprises a salt according to the disclosure. 

10 The sate of the disclosure may be used prophylactic^ to treat an Individual believed to be at risk 
of suffering from arterial thrombosis or a cordon or disease involving arterial thrombosis or 
therapeutically (including to prevent reoccurrence of thrombosfe or secondary thrombotic events). 

There is toen*tore tnduded the use of selective thrombin Inhibitors (organoboronic acid salts) 
15 described herein for treatment of the above disorders by prophylaxis or therapy as well as their use 
in pharmaceutical formulations and the manufacture of pharmaceutical formulations. 

Administration and Pharmaceutical Formulations 

*0 The compounds may be administered to a host, for example, In the case where the drug has antf- 
thrombogenic activity, to obtain an anti-thrombogenfc effect In the case of larger animals, such as 
humans, the compounds may be admired alone or -in combination Wrto pharmaceubcaUy 
acceptable diluent, a*** or carriers. The term pharmaceutical acceptable" indudes 
acceptability tor both human and veterinary purposes, of which acceptability for human 

25 pharmaceutical use ts preferred. 

The compounds of the disclosure may be combined and/or co-administered with any cardiovascular 
ireatment agent. There are large numbers of cardiovascular treatment agents available m 
commercial use, in clinical evaluation and in pre-dMcal development, which could be selected tor 
30 use with a product of the disclosure for the prevention of cardiovascular disorders by combmahon 
drug therapy. Such agent can be one or more agents selected from, but not limited to several major 
categories, namely, a Raid-lowering drug, Induding an IBAT (ileal Na'/bile acid cotransporter) 
inhibitor, a fibrate. niacin, a statin, a CETP (cholesteryl ester transfer protein) inhibitor, and a b,.e 
add sequel an anti-cxidant. Including vitamin E and probucol, a nb/ma antegonst (e.g. 
35 abdximab, eptiflbatide, tirofiban), an aldosterone inhibitor (e.g. spirolactona and epoxymexrenone), 
an adenosine A2 receptor antagonist (e.g. losarten), an adenosine A3 receptor agonist, a beta- 
blocker, aceiylsalicyfc add, a loop diuretic and an ACE (angiotensin converting enzyme) Tnh.brtor. 



< 
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The compounds of the disclosure may be combined and/br co-administered with any antithrombotic 
agent with a different mechanism of action, such as the antiplatelet agents acetyisaltaylfc acid, 
ticlopidine, clopidogrel, thromboxane receptor and/or synthetase inhibitors, prostacyclin mimetics 
and phosphodiesterase inhibitors and ADP-recsptor CP2 T) antagonists. 

5 

The products of the disclosure may further be combined and/or coadministered with thrombolytics 
such as tissue plasminogen activator (natural, recombinant or modified), streptokinase, urokinase, 
prourokinase, anisoylated plasminogen-streptokinase activator complex (APSAC), animal salivary 
gland plasminogen activators, and the like, in the treatment of thrombotic diseases, in particular 
10 myocardial infarction, . 

The compounds of the disclosure may be combined and/or co-administered with a cardtoprotectant, 
for example an adenosine Ai or A3 receptor agonist. 

15 There is also provided a method for treating an inflammatory disease in a patient that comprises 
treating the patient with a product of the disclosure and an NSAID, e.g., a CCBC-2 inhibitor. Such 
diseases include but are not limited to nephritis, systemic lupus, erythematosus, rheumatoid 
arthritis, glomerulonephritis, vasculitis and sarcoidosis. Accordingly, the anb-thrombotfc sate of the 
disclosure may be combined and/or co-administered with an NSAID. 

20 

Typically, therefore!, the compounds described herein may be administered to a host to obtain a 

mrombin-inhibitory effect, or in any other thrombin-inhibitory or antithrombotic context mentioned 
herein. 

25 Actual dosage levels of active ingredients in the pharmaceutical compositions of this disclosure may 
be varied so as to obtain an amount of the active oompound(s) that is effective to achieve the 
desired therapeutic response for a particular patient, composition, and mode of administration 
(referred to herein as a "therapeutically effective amount"). The selected dosage level will depend 
upon the activity of the particular compound, the severity of the condition being treated and the 

30 condition and prior medical history of we patient being treated. However, it is within the skill of the 
art to start doses of the compound at levels lower than required for to achieve the desired 
therapeutic effect and to gradually increase the dosage until the desired effect is achieved. 

.1 • 

According to a further aspect there Is provided a pharmaceutical formulation including a compound 
35 as described herein. The formulation may consist of the compound alone or ft may contain 
additional components, in particular the compound may be in combination with a pharmaceutical 
acceptable diluent^ excipient or carrier. 



One class of formulations comprises parenteral formulations, these may contain suitable excipients, 
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for example a tonicity agent for the purpose of making the formulation substantially isotonic wfth the 
body of the subject to nscerve the formulation, a.g- with human plasma. The formulation may be in 
ready-to-use form or in a form requiring reconstftution prior to administration. 

5 Intravenous formulations, in particular, will generally contain the boronic acid in a relativefy soluble 
form, e.g, a Salt, for example a base addition salt Suitable base addition slats are, e.g. alkali metef 
salts, notably sodium. Also useful in intravenous formulations are sugar derivatives (esters) of the 
acid. 

10 It is currently contemplated that, in the case of parenteral administration, for efrtample i.v. 
administration, the compounds might for instance be administered in an amount of from 0*5 to 
2.5mg/Kg e„g. over a maximum period of 72 hours, calculated as TBI 50F* The disclosure is not 
limited to administration in such quantities or neglmens and includes dosages and regimens outside 
those described in die previous sentence. 



Parenteral preparations can be administered by one or more routes,, such as intravenous, 
subcutaneous, intradermal and infusion; a particular example is intravenous. A formulation 
disclosed herein may be administered using a syringe, injector, plunger for solid formulations, pump, 
or any other device recognized in the art for parenteral administration. 



Liquid dosage forms for parenteral administration may include solutions, suspensions, liposome 
formulations, or emulsions In oily or aqueous vehicles. ' In addition to the active compounds, the 
liquid dosage forms may contain other compounds. Tonicity agents (for the purpose of making the 
formulations substantially isotonic with the subject's body, e.g. wfth human plasma) such as, for 
25 instance, sodium chloride, sodium sulfate, dextrose, piannitol anchor glycerol may be optionally 
added to the parenteral formulation. A pharmaceutical^ acceptable buffer may be added to control 
pH. Thickening or viscosity agents, far instance well known cellulose derivatives (e.g. 
methyfcellufose, carboxyrnethyfceilufose, hydroxyethytaaftulose and hydroxypropyJmesthylcellulose), 
geFatin andl/or acacia, may optionally be added to the parenteral formulation. 

30 

Solid dosage forms for parenteral administration may encompass solid and semi-solid forms and may 
include pellets, powders, granules, patches, and gets. In such solid dosage forms, the active 
compound is typically m&ecf With at feast one inert, pharmaceuticaliy acceptable excipient or carrier. 
The disclosed compounds may be presented as solids in finely divided solid form, for example they 
35 may be milled or micronised. 

The formulations may also include antioxidants and/or preservatives. As antioxidants may be 
mentioned thiol derivatives £e.g, thioglycerol, cysteine, acetylcysteine, cystine, dithioerythraitol, 
dithiothreitol, glutathione), tocopherols, butylated hydroxyanrsoie, butylated hydroxytoluene, 
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suIfljrqMs add salts (e.g, sodium sulfate, sodium bisulfite, acetone sodium bisulfite, sodium 
metabisulfrte, sodium sulfite, sodium formaldehyde sulfonate, sodium thfosulfate) and 
nordihydroguafaretScacWr Suitable preservatives may for instance be phenol, chlorobutanol, 
benzylalcohol, methyl paraben, propyl paraben, benzaltonium chloride and cetylpyridinium chloride. 

5 

The parenteral formulations may be prepared as large volume parenterals (LVFs), e.g. larger than 
100 ml, more particularly about 250 m), of a liquid fbnmufation of the active compound- Examples of 
LVPs are infusion bags- The parenteral formulations may alternatively be prepared as smalt volume 
parenterals (SVPs), e.g. about 100 mJ or less of a liquid formulation of the active compound, 
10 Examples of SVPs are vials with solution, vials for reconstrtution, prefixed syringes for injection and 
dual chamber syringe devices. 



The formulations of the disclosure Include those in which the compound is an alkali metal salt, for 
example a lithium, sodium or potassium salt, of which sodium salts may be mentioned as particular 
15 salts. Another class of formulations contains amlnosugar salts of the disclosed boronic acids, for 
example N-methyhD-glucamme sate. The salts mentioned fn this paragraph may be administered 
as solutions rn water, typically containing one or more additives, for example feotonicity agent(s) 
and/or antioxidants) . A suitable way to store the salts Es in solid form, for example as dry powder, 
and to m^ke them up Into solutions for administration prior to administration. 

20 

One class of formulations disclosed herein is intravenous formulations. Fbr intravenously 
administered formulations, the active compound or compounds can be present at varying 
concentrations, with a carrier acceptable for parenteral preparations making up the remainder, 
Particularly, the carrier (s water, particularly pyrogen free water, or fs aqueous based. Particularly, 
25 the carrier for such parenteral preparations is an aqueous solution comprising a tonicity agent, for 
sample a sodtum chloride solution. 

By "aqu$ov$ based" is meant that formulation comprises a solvent which consists of water or of 
water and water-mfsdble organic solvent or solvents; as well as containing a compound of disclosure 

30 in dissolved form, the solvent may have dissolved therein one or more other substances, for 
example an antioxidant and/or an rsotonidty agent. As organic oosolvents may be mentioned those 
water-misdble solvents commonly used in the art, for example propyleneglycol, polyethyleneglycol 
300, polyethyleneglycol 400 and ethanal. Preferably, organic co-solvents are only used in cases 
where the active agent is not sufficiently soluble in water for a therapeutically effective amount to be 

35 provided In a single dosage farm. As previously Indicated, the disclosure Includes formulations of 
alkali metal salts of the disclosed boronic acids, e.g. TRI 50f=, having a solvent which consists of 
water. 
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Hie solubility of the active compound in the present formulations may be such that the turbidity of 
the formulation is lower than 50 NTU, a.g. lower than 20 KTV such as lower than 10 NTU. 

It is desirable that parenteral formulations are administered at or near physiological pH. It is 
5 believed that administratis in a formulation at a hrgh P H (i.e., greater than 8) or at a low pH C>.e., 
less than 5) is undesirable. In particular, it is contemplated that the formulations would be 
administered at a pH of between 6.0 and 7.0 such as a pH of 6.5. 

The parenteral formulation may be purged of air when being packaged. The parenteral formulation 
10 may be packaged in a sterile container, e.g, vial as a solution, suspension, gel, emulsion, solid or a 
powder. Such formulations may be stored either in ready-to-use form or in a form requiring 
reconstitution prior to administration. 

Parenteral formulab'ons according to the disclosure may be packaged In containers. Containers may 
15 be chosen which are made of material which Is non-reactive or substantially non-reactive with the 
parenteral formulation. Glass containers or plastics containers, e.g. plastics infusion bags, may be 
used. A concern of container systems Is the protection they afford a solution against UV 
degradation. If desired, amber glass employing iron oxide or an opaque cover fitted over the 
container may afford the appropriate UV protection. 



Plastics containers such as plastics infusion bags are advantageous in that they are relatively light 
weight and non-breakable and thus more easily stored. This is particularly the case for Large 
Volume parenterals. 

25 The intravenous preparations may be prepared by combining the active compound or compounds 
with the carrier. After the formation is mixed, it may be sterilized, for example using known 
methods. Once the formulation has been sterilized, it is ready to be administered or packaged, 
particularly in dark packaging (e.g. bottles or plastics packaging), for storage. It is envisaged, 
however, that the disclosed compounds might not be stored in solution but as dry solids, particularly 

30 a finely divided form such as, for example, a lyophllisate, in order to prolong shelf life; this would of 
course apply to other parenteral formulations, not only Intravenous ones. 

The intoavenous preparations may take the form of large volume parenterals or of small volume 
parenterals, as described above. 

In a .specific embodiment, me present disclosure is directed to products, particularly kits, for 
producing a singlendose administration unit. The products (kits) may each contain both a first 
container having the active compound (optionally combined with additives, for example anti-oxidant, 
preservative and, In some instances, tonicity agent) and a second container having the 
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carrier/diluent (for example water, optionally containing one or more adtfftrves, for eixample tonicity 
agent). As examples of such products may be mentioned single and multi-chambered (e.g. dual- 
chamber) pre-fided syringes; exemplary pre-filled syringes are available from Vetter GmbH, 
Ravensburg, Germany. Such dual chamber syringes or binary syringes will have In one chamber a 
5 dry preparation including or consisting of the active compound and in another chamber a suitable 
carrier or diluent such as described herein. The two chambers are joined in such a way that the 
solid and the liquid mix to form the final solution. 

One class of famrtufations disclosed herein comprises subcutaneous or Intradermal formulations (for 
10 example formulations for injection} in which the active compound (or active agent combination) Is 
formulated into a parenteral preparation that can be injected subcutaneousfy or intradermal^, The 
formulation for administration will comprise the actrve compound and a liquid cattier. 

The carrier utilized in a parenteral preparation that will be injected subcutaneousfy or intradermal 
15 may be an aqueous carrier (for exampfe water, typically containing an additive e.g, an antioxidant 
and/or an fsotonteity agent) Dr a nonaqueous carrier (again one or mare additives may be 
incorporated). As a non-aqueous carrier for such parenteral preparations may be mentioned highly 
purified olive oil. 

20 The active compound and the carrier are typically combined/ for example En a mixer. After the 
formulation Is mixed, ft is preferably sterilized, such as with U.V. radiation. Once the formulation has 
been sterilized, ft is ready to be injected or packaged for storage- It is envisaged, however, that the 

m 

disclosed compounds will not be stored in fiquid formulation but as dry solids, In order to prolong 
shelf life. 

25 

For making subcutaneous Implants, the active compound may surtably be formulated together with 
one or more polymers that are gradually eroded or degraded when in use, e.g. silicons polymers, 
ethyfene vinyfacetate, polyethylene or polypropylene. 

30 Transdermal formulations may be prepared In the form of matrices or membranes, or as fluid or 
viscous formulations in oil or hydrogels or as a compressed powder pellet. For transdermal patches, 
an adhesive which is compatible with the skin may be included, such as polyaerytate, a silicone 
adhesive or polyfsobutylene, as well as a foil made of, e.g v polyethylene, pofypropyfene, ethylene 
vinylacetete, paryvinylchforide, poiyvinylidene chloride or polyester, and a removable protective foil 

35 made from, e.g., polyester or paper coated with silicone or a ffuoroporymen For the preparation of 
transdermal solutions or gels, water or organic solvents or mixtures thereof may be used. 
Transdermal gels may fuitherfrtore contain one or more suitable gelling agente or thickeners such as 
silicone, tragacanth, sterch or stanch derfvatives, cellulose or cellulose derivatives or polyacrylic adds 

c 

1 

or derivatives thereof. Transdermal formulations may also suitably contain one or more substances 
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^ that enhance absorption though the skin, such as bite salts or derivatives hereof and/or 
phospholipids. Transdermal formulations may be prepared according to a method disclosed In, e.g., 
B W Barry, "Dermatological Formulations, Percutaneous Absorption", Marcel Dekker Inc., New York- 
Basel, 1983, or Y W CWen, 'Transdermal Controlled Systemic Medications", Marcel Dekker Inc., New 
5 York-Basel, 1987. 

It fe current* contemplated that, in the case of oral administration, the compounds might for 
instance be administered in an amount of from 0.5 to 2.5mg/Kg twice daily, calculated as TO 50F. 
However, the presently described methods are not limited to administration in such quantises or 
1 0 regimens and includes dosages and regimens outside those described in the previous sentence. 

According to a further aspect there ls provided an oral pharmaceutical formulation including a 
product as described herein, in admixture with a pharmaceutically acceptable adjuvant, diluent or 



15 



30 



carrier. 



Solid dosage forms for oral administrate include capsules, tablets (also called pills), powders and 
granules. In such solid dosage forms, the active compound Is typically mfced with at least one .nenv 
pharniaceutically acceptable extent or carrier such as sodium abate or dicaldum phosphate 
and/or one or more: a) fillers or extenders such as starches, lactose, sucrose, glucose, manmtol and 
20 silicic acid; b) binders sudi as carteDCymethytoellulose, alginates, gelatin, polyvinylpyrrolidone, 
sucrose and acacia; c) humectants such as glycerol; d) disintegrating agents such as agar-agar, 
calcium catenate, potato or tepiuca starch, atginic acid, certain siltates and sodium carbonate; e) 
solution retarding agents such as paraffin; f) absorption accelerators such as quaternary ammonium 
compounds; g) wetting agente such as cetyl alcohol and glycerol monostearafe; h) absorbents such 
25 as kaolin and bentonite clay and i) lubricants such as talc, calcium stearats, magnesium stearate, 
solid polyethylene glycols, sodium lauryi sulfate and mixtures thereof. In the case of capsules and 
tablets, the dosage form may also comprise buffering agents. Solid compositions of a similar type 
may also be employed as fillers In soft and hard-filled gelatin capsules using such exapients as 
lactose or milk sugar as well as high molecular weight polyethylene glycol, for example. 

Suitably, the oral formulations may contain a dissolution aid. The dissolution aid is not limited as to 
its identity so long as it is pharmaceutic lly acceptable. Examples include nonionlc surface adwe 
agents, such as suaose fatty acid esters, glycerol fatty add esters, sorbitan fatty acid esters (e.g, 
sorbitan trioleate), polyethylene glycol, polyoxyethylene hydrogenated castor oil, polyethylene 
35 sorbitan fatty acid esters, polyoxyethylene alkyl ethers, methoxypolyoxyethytene alM ethers, 
polyoxyethylene alkylphenyl ethers, polyethylene glycol fatty acid esters, polyoxyethylene 
'■ alkylamines, polyoxyethylene alkyl thioethers, polyoxyethylene polyoxypropylene copolymers, 
polyoxyethylene glycerol fatty add esters, penteerythrltol fatly add esters, propylene glycol 
monofetty add esters, polyoxyethylene propylene glycol monotaby acid esters, polyoxyethylene 
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sorbftof fatty add esters, fatty acid alfcylolamides, and alkylamine oxides; bile acid and safe thereof 
(e.g„ dienodeoxycholic acid, choffc add, deoxychalic acid, dehydrocholic acid and salts thereof, and 
glycine or taurine conjugate thereof)? ionic surface active agents, such as sodfum fauryisuffate, fatty 
acFd soaps, alfcyfsutfbnates, a(kyIphosphates r ether phosphates, fatty arid salts of baste amino acids? 
5 triethanolamine soap r and alkyJ quaternary ammonium salts* and amphoteric surface active agents, 
such as betalnes and aminocajtocylic add salts. 

The actfve compounds may also be '$t micro-encapsulated form, if appropriate, wfth one or* more of 
the above-menttoned es*cipients. 

10 

Liquid dosage forms for oral administration include pharmaceutical!/ acceptable emulsions, solutions, 
suspensions/, syrups and elbdrs. In addition to the active compounds, the liquid dosage forms may 
contain inert diluents commonly u$ed In the srt such as water or other solvents, salubilising agents 
and emu|$fffers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,- benzyl 

15 alcohol, benzyl benzoate, propylene glycol, i f 3-butylene glycol, dimethyl formamicte, oils (in 
particular, cottonseed, groundnut, corn, germ, alive, castor, and sesame oils), glycerol, 
iBtrahydrofLirftiryl alcohol, polyethylene glycols and fatty add esters of sorbitan and mixtures 
thereof. Besides inert diluents, the oral compositions may also fndude adjuvants such as wetting 
agents, emulsifying and suspending agents, sweetening, flavouring and perfuming agents. 

20 . Suspensions, in addition to the active compounds, may contain suspending agents such as 
ethoxyfated Isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, mlcrocrystalline 
cellulose, aluminium metahydroxide, bentonite, agar-agar, and tragacanth and mbctures thereof. 

The presently disclosed product may be presented as solids in finely divided solid form, for example 
25 they may be micronised. Powders or finely divided solids may be encapsulated. 

The active compound may be given as a singfe dose, in multiple doses or as a sustained release 
formulation. 

30 The active compound, especially when a base addition salt or sugar derivative, may be administered 
as a drinking solution or drinking suspension. 

Thus an oralfy administered compound may be presented as reconstftutable formulations, in 
particular in a form for reconsh'tution before administration as a liquid and often as drink, for 
35 example as an effervescent tablet or in particulate form (as a powder or granules). Soluble 
compounds may be packaged as a powder or granules for direct dissolution in the mouth; 
additionally contemplated are '"fast meftf or ^st dissolving*" oral formulations, which dissolve or 
disintegrate rapidly when taken into the mouth. The formulations described in the preceding two 
sentences may also be n=*jarctecf as reccnstittftable formulations In that they are reconstituted In the 
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mouth, prior to the reconstituted formulation reaching the stomach. AII these reconstitutable 
formulations avoid the delays associated with active ingredients in tablets or capsules reaching the 
blood f as a result of time taken for tfie tabler/capsuJe to disintegrate and for its contents to dissolve. 
Another potential benefit of reconstitutable formulations relates to active Ingredients whose required 
5 dosage is too high to be incorporated in a single tablet or capsule: the ingestion of multiple tablets 
or capsules is considered undesirable by patients and might create an additional risk of variation in 
bioavailability, and the replacement of multiple tablets or capsules with a reconstitutable formulation 
will avoid these particular shortcomings. 

10 A common form of dosage for the oral administration of drugs is that of particulate formulations 
contained in dispensing containers, e.g. sachets, particularly monodose sachets. The contents of the 
dispensing container are usually (but not always) poured out in, tor example, a glass of water or in 
. fruit juice or in milk, tor drinking by the patient. It is helpful for the particulate fonnufation to be 
reconstituted into a drink-size volume (e-g. 50-150 ml, by way of non-limiting example). 

15 

The dispensing container may In principle be any container which may be opened to release a single 
dose or a part of a dose. In many instances, a container will be a single dose or monodose 
container, in which the container contains me correct amount tor a single administration of the 

formulation. Alternatively, the formulation may be presented as a divided dose, in which there Is 
20 provided a unit dosage which is possibly smaller than some patients require; In mis latter case, the 
patient will take two or more unit doses in a single administration of the formulation. The 

dispensing container may alternatively be a metered dose container, in which a unit of formulation is 

metered from a reservoir of the formulation. As an alternative to a sachets, the container may be a 

plasties container, for example. 

25 

Thus, an exemplary unit dosage form tor particulate formulations, e.g. tor ^constitution as a drink, 
is the sachet. A sachet is a poudi formed by folding and / or sealing together me edges of a 

suitable material, 

30 Particulate formulations suitable for filling into sachets may contain (but are not required to contain) 
diluents, flow aids, lubricants, buffering agents, granulating agents, disintegrants, solubilising 
agents, viscosity enhanoars, sweetener* and flavours, in addition to toe active ingredient. Usually, 
they contain antimicrobial preservations. 

35 Effervescent tablets are another common oral dosage form and contain ingredients that react 
together In the presence of water to produce carbon dioxide. The liberation of carbon dioxide when 
effervescent tablets are added to water promotes their disintegiatton and the dissolution or 
dispersion of the active ingredients and other components. Effervescent tablets are usually intended 
to be added to water to produce a solution or dispersion for oral administration. They are usually 
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much bigger than other table* because they are used for drug, whose dosage iS Jarge and * ey 
often contain relatively fatige amounts of fi avouring agents. 

TThe efferent mm consists of at least three opponents: the active rngmdient; an add; and an 
3 alkal. compound (basic ingredient) constituted by a carbonate or a bfcarbonate. 

The add and the alkali are the essential components which provide me effervescence and the 
^integration of the tablet when ft b contacted wfm water. As acidic component dtric acid in 
anhydrous form Is often used, but other edible adds lite tartaric, fumade, adlpic and mate acfd can ' 
be used as well. The carbonate, which represents a source of carbon dioxide which generates the 
effervescence, generally is a water-soluble alkaline carbonate. Sodium bicarbonate Is one of the 
most used carbonates because it is Soluble and of low cost. Alternatively, modified sodium 
b,carbonate can be used, obtained by heating common sodium bicarbonate in order to convert the 
surface of its particles to sodium carbonate so increasing its stability. 



10 



15 



20 



25 



Other physiologically acceptable alkaline qr alkaline earth metal carbonates may be used, such as 
potassium or calcium ^carbonate, scdium carbonate, or sodium glycine carbonate. 

conventional excipients such as diluents, ligands, buffers, anti-mlcmblal preservatives, sweeteners 
flavours, colours, solubillsers, dlsintegrants, wetting agents and other events of common use may 
be added to the formulation. Effervescent tablets are convenient^ atb-active, easy to use 
pleasured dosage ft***. These advantages, however, are balanced by hygroscopfcftv, which 
usually means that * e tablets have to be manufactured in conditions of low relative humidity and 
packaged in containers that provide good protection against the ingress of water vapour. 

"Fast melt" formulations, i.e. rapidly disintegrating or dissolving solid dose oral formulae, are 
described in US 5607697, WO 9S/4621S, WO 93/14179, US 5B71781, US 5869098 and US 54S4632 
for example. They are also described in US 4642903, US 5188825, US S631023 and US 5827541, 

30 EXAMPLES 

EXAMPLES 1 TO 4 - INTRODUCTORY REMARKS 
Apparatus 

Throughout the following procedures of Examples 1 to 4, standard laboratory glasswana and, where 
appropriate, specialised apparatus for handling and transferring of air sensitive reagents are used. " 

All glasswana Is heated at 140-16O°C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen . - 



35 
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Solvents 

The organic solvents used in the procedures of Examples i to 4 are all dry. Suftably, they are dried 
over sodium wire before use. - . 




En the drying procedures of Example 1 to 4, products are tested for dryness (including dryness in 
terms of organic solvent) by observing weight loss on drying. The following procedure was followed 
to determine loss on drying: a. sample was placed fn a vacuum drier and dried at 40'C at 100 mbar 
10 for 2 hours. Products are considered dry when the decrease In weight upon drying is less than 0.5% 
of the total weight of the starting material. 

i Examples i to 4 describe performance of the following reaction scheme and conversion of the 
resultant TRI 50F to sodium and calcium sate thereof: 

15 
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LDA = lithfum dSiSfOprapylamfde 

LiHMDS = lithium hexamethyfdisSlazane, also known as Ifthiurn bis(trimethy(sfJyr)ainide 
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EXAMPLE 1 - SYNTHESIS OF TRI 5QF PIM ACOL ESTER 
Step Xz Z-DIPIN B 

5 

Procedure A 

17.S g (732.5 mmole) magnesium turnings,, 0.1 g (0.4 mmole) iodine and 127 ml dry 
tetrahydrofuram are changed and heated to reflux. Then 15 ml of a solution of 56 g (60B mmole) 1- 
dltoro-3Hmethoxypropane in 185 ml dry tetrahydrofuran are added and stirred under reflux until the 
10 vigorous reaction starts. After the initial exotharm ceases, the solution of l-chloro-3- 
methaxypropane is added slowly to maintain gentle reflux until all the magnesium rs consumed. 
After the reaction Es finished, the macron mfesture is cooled to ambient temperature and slowly 
added to a solution of 64,4 g (620 rtirnole) trimethyfb orate in 95 ml dry tetrahydrofuran^ the latter 
solution is cooled to below 0°C and, if it warms up during the course of the reaction, the reaction 
15 mixture must be added to rt sufficiently slowfy to maintain the temperature of this solution befow 
65°C. Upon complete addition, the reaction mixture is allowed to warm to about Q D C and stirred for 
another 60 minutes. Then a solution of 22.4 ml sulfuric add in 400 ml water is added slowly so as 
to maintain the temperature below 20°C. The layers are allowed to settle and the phases are 
separated. The aqueous layer is rewashed three times with 200 ml tert-butylmethylether. The 

20 combined organic layers are altowed to settle and additional water separated from this solution Is 
removed. The organic layer is dried over magnesium sulfate, filtered and evaporated to dryness. 
The evaporation residue is filtered from the precipitated solid and the filtrate dissolved in 175 ml 
toluene, 34.S g (292 mmole) pinacol is charged to the solution followed by stirring at ambient 
temperature for not less than 10 hours. The solution is evaporated to dryness, dissolved in 475 ml 

25 n-heptane and washed three times with 290 ml saturated aqueous solutfon of sodium hydrogen 
carbonate. The n-heptnne solution Is evaporated to dryness and the evaporation residue distilled 
and the fraction with Bp 40-<50 o C at 0.1-0.5 mbar recovered. 
Boiling point: 40-50 D C / 0.1-0.5 mbar 
Yield: 40*9 g (70%) Z-DIPIN B (oil) 

30 

Procedure B 

17.S g (732.5 mmole) magnesium turnings, 0.1 g (0.4 mmole) iodine and 127 mi dry 
tetrahydrafuran are charged and heated to reflux. Then 15 ml of a solution pf 66 g (6QB mmole) 1- 
chloro-3-methoxypropane In 185 ml dry tetxahydrofijran are added and stirrer} under reflux until the 
35 vigorous reaction starts. After the initial exotherm ceases,, the solution of l-chloro-3- 
methoxyprapane is added slowly to maintain gentle reflux. After the reaction is finished, the 
reaction mixture \$ cooled to ambient temperature and slowly added to a solution of 64.4 g (620 
mmole) trimethylborate in 95 ml dry tetrahydrofuran r maintaining the temperature of this solution 
below minus SS^C. Upon complete addition, the reaction mixture is allowed to warm to about O^C 
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and stirred for another SO minutes. Than a solution of 22.4 ml sulfuric add In 400 ml water fe added 
slowly so as to maintain the temperature below 20*C. The organic solvent is removed by distillation 
under vacuum. 300 ml n-haptene fe charged to the aqueous solution of the evaporation residue 
followed by addition of 34.8 g (292 mmole) plnacol. The two-phase-mixture stirred at ambient 
5 temperature for not less than 2 hours. After allowing the layera to settle, the aqueous phase fe 
separated. 300 ml n-heptane fe charged to the aqueous solution and the two-phase-mktore is 
stirred at ambient temperature for not less man 2 hours. After allowing the layers to settle, the 
aqueous phase fe separated. The organic layers are combined and washed once with 200 ml water, 
followed by 200 ml saturated sodium hydrogen carbonate solution and two further washes with 2Do' 
mr water each. The n-heptane solution is evaporated to dryness and the evaporation residue 
distilled and the fraction with Bp 40-50°C at 0.1-0.5 mbar recovered, 
Boiling paint: 40-50*C / 0. 1-0.5 mbar 
Yield: 40.9 g (70-35%) 2-DIPIN B (oil) 

1 5 Step 2: Z-D2PIN C 



10 



25 



16.6 g (164 mmofe) diisoprapylamine and 220 ml tetrahydrofuran are charged and cooled to -30 to 
-40*G To this solution 41.8 g (163 rnmoie) n-butvl lithium, 25% in n-heptane is added, followed by 
stirring at 0 to -5°C for one hour. This freshly prepared solution of lithium diisopropylamide is 
20 cooled to -30°C and then added to a solution of 27.9 g (139 mmole) Z-DIPIN B in 120 mr 
tetrahydrofuran and 35.5 g (41S mmole) dltWoramethane at a temperature between -60 and - 
7S»c. The solution is stirred at that temperature for half an hour followed by addition of 480 ml 
(240 mmofe) 0.5N anhydrous Zinc(II)-chloride in tetrahydrofuran or 32.5 g (240 mmole) anhydrous 
solid Zinc(n)-chloride. After stirring at-6S°C for one hour, the reaction mixture fe allowed" to warm 
to ambient temperature and sBrred for another 16-18 hours. The reaction mixture is evaporated to 
dryness (?.e. until solvent Is removed) and followed by addition of 385 ml n-heptane. The reaction 
mixture is washed with 150 ml 5% sulfuric acid, with 190 ml saturated sodium hydrogen carbonate 
solution, and 180 ml saturated sodium chloride solution. The organic layer Is dried over magnesium 
sulfate, filtered and evaporated to dryness (i.e. until solvent is removed). The oily residue is 
3 0 transferred into the next step without further purification. 
Yield; 19 g (55%) Z-DIPIN C 

Step 3s ZrDIPIN D 

i 

35 To a solution of 23.8 g (148 mmole) hexamethyfdfeilazane in 400 ml tetrahydrafuran at -15°C is 
added 34.7 g C136 mmole) n-butvl lithium, 25% in n-heptane and stirred for one hour. The solution 
is cooled to -5$°C followed by the addition of 30.6 g (123 mmole) Z-DIPIN C dissolved in 290 ml 
tetrahydrofuran and 35 ml tetrahydrofuran to this freshly prepared solution of UHMDS. The solution 
is allowed to warm to ambient temperature and stirred for 12 hours. The reaction mixture is 
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evaporated to dryness, the evaporation residue dissolved in 174 ml n-heptane, washed with 170 ml 
water and 75 ml saturated sodium chloride solution. The organic phase is dried over magnesium 
sulfate, filtered and evaporated to complete dryness (i.e. until solvent is removed). The oily residue 
is dissolved In 100 g n-heptane. This solution is carried over into the next step without further 

5 purification. 

Yields 32.2 g (7D%) Z-DIPIN D 

Step 4: Z-DIPXN E 

10 A solution of 26.6 g (71 mm Die) Z-DIPIW D in B2.6 g n-heptane is diluted with 60 ml n-heptane and 
cooled to -60°C followed by introduction of 10.5 g (285 mmole) hydrogen chloride. Hie reaction 
mixture Is subsequently evacuated and flushed with nitrogen, while Hie temperature is increased in 
increments of about 20°C to ambient temperature. The solvent is removed from the oily precipitate 
and replaced several times by 60 ml fresh n-heptane. The compound is dissolved in 60 ml 

15 tetrahydrofuran (Solution A). 

Step S TRI 50F Pinacol Ester 

Z-DIPIN E is coupled with Z-D-4-F-Phe--Pro. The procedure described in the next paragraph is 
20 generally followed. 

To a different flask 130 ml tetrahydrofuran, 24.5 g (61.5 mmole) Z-D-4-F-Phe-Pro and 6.22 g (61.5 
mmole) N-methylmorpholine are charged and cooled to -20°C. To this solution a solution of S.4 g 
(61.5 mmole) isobutylchioroformate in 20 ml tetrahydrofuran is added and stirred for 30 minutes, 

25 followed by addition of Solution A at -25°C. Upon complete addition, up to 16 ml (115 mmole) 
Wethylarnine is added to adjust the P H to 9-10, measured using a pH stick. The reaction mixture is 
allowed to warm to ambient temperature and stirred for 3 hours, still under nitrogen. The solvent is 
evaporated to dryness and the evaporation residue dissolved in 340 ml tert.-bulylrnethylether (t- 
BME). The solution of TRI 5DF pinacol ester in t-BME is washed twice with 175 ml 1.5% hydrochloric 

30 acid. The combined acidic washes are given a rewash with 175 ml t-BME. The combined organic 
layers are washed with 175 ml water, with 175 ml saturated sodium hydrogen carbonate solution, 
with 175 ml 25% sodium chloride solution, dried over magnesium sulfate and filtered. This solution 
is carried over into the next step without further purification. 

35 FXAMPLE 2 - SYNTHESIS OFTRT 5QF DTFTHAHQIAMTNE ADDUCT 
The procedure described in the next paragraph is generally followed. 
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The starling material used in this Example is the solution of TRI SOF pinacol ester obtained in 
Example 1. The solution is carried forward to the synthesis of TRI 50d without further purification. 
The solution of TRI 50S pinacol ester in t-BME is evaporated to dryness and the evaporation residue 
dissolved in 30 ml diattiylethen 1.25 equivalents of dietnanolamlne Is added (based on HPLC 
5 determination of R,S,R. TRI 5DF pinaool ester) and the mixture heated at reflux for at least 10 hours, 
during which process the product precipitates. The suspension is cooled to 5-10°q, filtered and the 
filter residue washed with diethylether, 

To Improve chiral and chemical purity the wet filter cake fs dissolved in 7 ml d.chfcromethane, cooled 
10 to Q-5°C and the product pnedpitated by addition of 42 ml diethyfether and filtered. The isolated 
wet product is drted at 35°C fn vacuum or at feast 4 hours, until day. 

EXAMPLE 3 - PREPARATION QF SODIUM SALT OF TRI5QF 

15 The fallowing procedure is generally followed. 

2.5 mole TRI5QF diethanolamfna ester from Example 2 is dissolved in 10.5 L dichloromethane. 11 L 
2% hydrochloric acid is added and the mixture is stirred for at most 30 minutes (optimally about 20 
minutes) at room temperature. A precipitate forms in the organic phase. After stirring, the layers 
20 are allowed to settle and separated. The aqueous layer Is rewashed twice with 2.2 L 
dichIorome±hane. The combined organic layers are washed with a solution of 62S g ammonium 
chloride in 2.2S L water, (The ammonium chloride buffers the pH of the aqueous extractions to be 
within a range of from about pH 1-2 to about pH 4-5, as singly addic conditions might deave 
peptide bonds). The organic phase is dried over magnesium sulfate, filtered and the filtrate 
25 evaporated to dryness. An assay of the free horonic acid is perfortnedfor at most 30 rnins at room 
temperature and the amounts of the sohrenfcs and base' for Conversion of the add to the salt are 
calculated. If 2.5 mol of the free add is obtained, the evaporation residue is dissolved in 5 f_ 
acetonitrite followed by addition of a solution of 100 g (2.5 mole) sodium hydroxide as a 5% solution 
in 2.2 f_ water. The solution Is stirred for two hours at ambient temperature (e.g. 15-30°C, optimally 
30 room temperature) and then evaporated in vacuum (of ca. 10 mmHg) at a temperature not 
exceeding 35°C. The evaporation residue is repeatedly dissolved in 3.5 L fresh acetonitrile and 
evaporated to dryness to remove traces of water. If the evaporation residue Is dry, ft is dissolved in 
3 L acetonitrile (or alternatively in S L THF) and slowly added to a mixture of 32 L n-heptane and 32 
L diethylether. The addition is peitormad slowly enough to avoid lumping or sticking of the product 
35 and is carried out over a period of not less than 30 minutes. The prarfpiteted product Is filtered off, 
washed with n-heptahe and dried under vacuum at a temperature initially of about I0°c and then 
increasing to a limit of about 35°q, until dry. 

* 

EXAMPLE 4 - PREPARATION OF CALCIUM SALT OF TRI50F 
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The following procedure is generally followed. 



2.5 mole TRI 50F pinacol ester foam Example 2 is dissolved in 10.5 L dichloromeihane. 11 L 2% 
5 hydrochloric acid is added and the mixture is stirred for at nrost 30 minutes (optimally about 20 
minutes) at room temperature. After stirring the layers are allowed to settie and separated. The 
aqueous layer is rewashed trice with 2.2 L dichloromethane. The combined organic layers are 
washed with a solution of 625 g ammonium chloride in 2.25 L water. The organic phase is dried 
over magnesium sulfate, filtered and the filtrate evaporated to dryness. An assay of the free boronic 

10 add Is performed and the amounts of the solvents and base for conversion of tfie acid to the salt are 
calculated. If 2.5 mol of the free acid is obtained, the evaporation residue Is dissolved In 5 L 
acetonitrils followed by addition of a suspension of 93 g [1.25 mole) calcium hydroxide in 1 L water. 
The solution Is stirred for two hours at ambient temperature (e.g. 15-30°C, Optimally room 
temperature) and then evaporated under vacuum (of ca. 10 mmf-ig) at a temperature initially of 

15 about lO^C and then increasing to a limit of about 35°C. The evaporation residue is repeatedly 
dissolved in 3.5 L fresh acetonitrile and evaporated to dryness to remove traces of water. If the 
evaporation residue is dry, it is dissolved in S L tetrahydrofuran and slowly added to a mixture of 32 
L n-heptane and 32 L diethylether. the addition is performed slowly enough to avoid lumping or 
sticking of the product and is carried out over a period of not less man 30 minutes. The precipitated 

20 product Is filtered off, washed with o-heptette and dried under vacuum (of ca. 10 mmHg) at a 
temperature below 35°C until dry. 

The procedures of Examples 1 to 4 may be scaled up and, if operated carefully, will produce highly 
pure sails. In the dfethanolamlne precipitation step it is important to use 1.25 equivalents of 
25 diethanolamine per equivalent of (RAR.) TRI 50F plnacoi ester. In the hydrolysis of the 
dlethanoiamine ester, it is important to avoid excessively long contact with the aqueous acid. 
Likewise the TRT 50F pinacol ester should be synthesised via the Grignard reaction to Z-DIPIN A. 



RfAMPl E S - PREPARATION QF LJ THTUM SALT OFTRI50F 

30 

The following procedure is generally followed. 

TRI 50F (3B.lmM) is dissolved in acetonitrife (200ml) with stirring at room temperature. ' To mis 
solution is added LIOH as a 0.2M solution in distilled water (190ml). The resultant dear solution is 
35 stirred for 2 hours at room temperature and then evacuated to dryness under vacuum with its 
temperature not exceeding 37°C. The resultant oil/tecky liquid is redissolved in 500ml distilled 
water necessary with light warming for about 20 minutes. The solution is filtered through filter 
paper and evacuated to dryness, again with the temperature of the solution not exceeding 37"C. 
The resultant product is dried under vacuum overnightto normally yield a white brittle solid. 
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The sait is then dried under vacuum over silica to constant weight (72 h). 




5 



10 



15 



25 



30 



Eg&MPJLE.S - PREPARATION OF ZINC SALT OF TRI 5QF 

The following procedure is generally followed. 



The rela&Va solubility of zinc hydroxide Is such that, if the hydroxide had been wed to prepare the 
corresponding TRI 50F Salt using the procedure of Example 4, it Would not have resulted in 
homogeneous salt formation. The following procedure is generally followed to prepare the zinc salt. 

TRI 50F sodium salt (4.l0mM) is dissolved in distilled water (100ml) at room temperature and zinc 
chloride in THF (4.27ml, O.SM) is carefully added with stirring. A white precipitate that immediately 
formed is filtered off and washed with distilled water. This solid Is dissolved in ethyl acetate and 
washed with distiHed water (2 x 50ml). The organic solution is evacuated to diyness and the white 
solid produced dried over silica in a desiccator for 3 days before microanalysis. 

EXAMPLE 7 - PREPARATION OF MAfiMFsn in| car j gETPJ^nrf 

20 The fallowing procedure is generally followed. 

TCI 50F CLSOmM) Es dissolved In methanol (10ml) and sfirred at room temperature. To this soiutfon 
is added magnesium methoxfda (Mg(CH 3 0) 2 ) in methanol (l.DSmL 7.B4 wt%). This solution is 
sHrred for 2 hours at room temperature filtered and evacuated to 5mf. Water (25ml) is then added 
and toB solution evacuated down to dryness to yteid a white solid. This is dried over silica for 72 
hours before being sent for microanalysis 



EXAMPLE 8 - RESIDUA L n-HEPTANE OFTRT 50C CALCIUM SAfT 

Salt prepared following the methods of Example 3 was tested by headspace gas chromatography. 
Date are shown below: 
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Residual solvents; Headspace gag chromatography 



GC Parameters 

column j 

Carrier Gas; 
Detector: 
Injector Temp: 
Operating Conditions: 

Injection volume: 
Split: 

Headspace Parameter: 

Oven temperature: 
Needle temperature: 
Transfer temperature: 
Other parameters: 



DB-wax, 30 m, 032 mm ID, S\l 
Helium 5.0, 80 kPas 
FED, 220°C 
i50 D C 

35*C/7 min; 10°C/ min up to 80*C/2 min; 4Q*C up to 180*C/2 mm 

1 mi 7 
On 

7Q°C 
90°C 
10Q*C 

temper time: 15 min f GC-cyde time: 28 mm, 

imeetion time: 0-03 min, duration: 0.4 min . 



Calibration Standards: sample weig ht/dilution 



standard 



n-heotane 
sample no, 



weight (mg) 



103,12 
weight (nig} 



volume (ml) 



100 



concentration 

fiaafloa 



1,0312 



concentration 



area (average,. 
n=31 



2757,74756 




5 FKAMPLE 9- HP) H CHRPMATOGRAMS 

TRI 50c monosodium salt made following the metticx! of Example 3 and TRI 50c hemlcaldum salt 
made following t^e method of Example 4 wene analysed by HPLC chromatography. 



10 1. 



Method 



1.1 Equipment and software 



Autosampler 
15 Pump 

Column oven 
Detection 
Software version 



Waters Alliance 2795 
Waters Alliance 2795 
Waters Alliance 2795 

Waters 2996 diode array, MS-ZQ single quad 
Waters Milleftrilurrt 4.0 
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1.2 Stationary phase 

Analytical Column ID 
Material 
Supplier 
Dimension 
Pra-cdiimh ID 



S-71 

XTerra™ MS C 18r S pm 
Waters, Eschbom, Germany 
150 mm x 2,1 mm (length, ID) 
no pre-cofumn 



Xterra MS 5 jim is a column packing material supplied by Waters Corporation, 34 Maple Street, 
Mflfbrd, MA 01757, U5 and local offices, as in years 20D2/2003. ft comprises hybrid 
organiqflnorganic particles, consisting of spherical particles of 5 ym size, 125 A pore size and 15.5% 
carbon load. 



A.3 * MdW le Fhase 

IS Aqueous phase: 

Organic phase: 



A: H 2 0 -4- 0.1% HCOOH 
Cr ACM 



20 



25 



H2O = H2O by Ultra Gear water purification system 
ACN - gradfent grade acetonftrf le 

Gradient conditions 



time 
[mm] 


A% 


j C% 


flaw 
tmL/minl 


gradient 
shape 


0.0 


90.0 


10.0 


0.5 




27.00 


10.O 


SO-0 


as 


linear 


27.10 


90.0 


10,0 


0,5 


linear 


30.00 


90.0 


10.0 


0.5 1 


linear 



1.4 Instrumental Parameters 

Flow 

Temperature 
HPLC control 
Calculation 



0.5 rnL-mnrf 1 
40 ± 5* C 

Waters Millennium Release 4.0 
Waters Millenium 4.0 



30 



j3r 



Parameters 



2.1 Wavelength/Retention time/Response factors 
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Table: retention and detection parameter cx F; 0,5 roVrom, to = 0.9 ml/min) 



Substance 


RjetTime 
nn i rrofrT 


Enrn] 


m/z 


response factor 


KgCipruCal 

Response factor 


TRI SOc 


11.68 


258 


50B.33 


660 


1 


Benzyl alcohol 


3.862 


253 


n-d. 


1950 


0.337 


Benzaldehyde 


6.13 


258 


n.d. 


79939 


0.0083 


Benzoic add 


5-52 


258 


n-d. 


5967 


0.111 


Impurity I 


11.18 


258 


395.17 


8S5 


0,745 


Impurity IE 


13.39 


258 


482.22 


552 


1.196 



Linearity 

Range 4000 - 10 pg/mL (detection UV 258 nm> 



T^bla Linearity data UV 258 nm 


calibration 
solution 


area 
CuAU's] 


target cone. 
Tua/mL] 


cone, found 1 


Tri 50c 


5353 


10 


20.44 


Tri 50c 


5301 


10 


20.37 


Tri 50c 


65BQ9 


100 


113.35 


Tri 50c 


66365 


100 


114.17 


Tri 50c 


172019 


250 


270.43 


Tri 50c 


162537 


250 


256.48 


Tri 50c 


339503 


500 


518.13 


Tri 50c 


326912 


500 


499.51 


Tri 50c 


659257 


1000 


991.02 


Tri 50c 


647495 


1000 


973.63 


Tri 50c 


1322371 


2000 


1971.72 


Tri 50c 


1305196 


2000 


1946.32 


Tri 50c 


2724410 


4000 


■4045.24 


1 recalculated w 


H±i linear equation 



1 0 Linear equation parameters: 

Y = 6.75e-*002 X - B,45e+003 
r = 0.99975 

= 0.99950 

1 5 Unearity Range 10 - 0>10 jig/mL (detection SIR. m/z 508,33) 



Table: Linearity date SIR 508.33 



calibration 
solution 


mean area 


target cona 
iunfmLl 


cone found*" 
ruo/mU 


Tri 50c 


21S8860 


0.01 


0-022 


Tri 50c 


2702839 


0.01 


0,045 


Tri 50c 


3S17226 


0.1 


0.094 


Tri 50c 


3833799 


0.1 


0.095 


Tri 5 DC 


23153550 


1 


0-947 


Tri SOc 


24$^6S92 


1 


1.013 


Tri SOc 


223007852 


10 


9.765 



• 
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Trf 50c 



233753043 fJn 



1 neealeuktecf with linear equation 
Equation parameter 

y - 2„27e+D07 X + i.69e+O06 
r = 0,99958 

r 2 - 0.9991G 



M0. 567 -P. 75/94 



10.239 



J 



10 



2.3 Quantitation limit 

The quantftatkxi Irmit was determined usrng the signal to noise rata? criterion S/N > 19 
UV 258 nms 10 pg/mL 
M/z 508.3: 0.1 pg/mL 



2-4 Precision 



Injection 



250 



250 



4 



Mean 



Std. Dev. 



Tt—n 



% R5D 



250 



250 



250 



250 



15 2.5 Robustness 



concentration 



1G5S05 



168644 



1&785B 



166947 



166925 



166294 



167079 



1033 



0.6 



Amount [jig/mL] 



261.24 



255.44 



264.27 



262,93 



262.89 



261.96 



263.12 



1.52S 



0.6 



Retention fame 



11.690 



11.662 



11,686 



11.692 



11.679 



11.696 



11.684 



0.01 



0.1 



20 



25 



calibration 
solution 


tertip./trme 


area [pAU r s] 


recovery 


250uo/mL TtfSOc 




172020 


m 


250ng/mL "Hi 50c 


4°C. I6h 


166294 


96.67 


2.5us/mL TRI50C 




58034891 




2.5ng/mL TRISOc 


37°C- 4h 


88833173 


100.9 1 



1. ICH HARMONISED TRIPARTITE GUIDELINE. TEXT ON VALIDATION OF 

ANALYTICAL PROCEDURES Recommended for Adoption at Step 4 of the ICH 
Process on 27 October 1994 by the ICH Steering Committee 

Z. FDA Reviewer Guidance. Vacation of chromatographic methods. Center for Drug 
Evaluation and Research. Nov. 1994 

3. USP23. <621> Chromatography 
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4 T i_ Huber. Validation of analytical Methods. LCHSCInternahonaf Feb, 1998 

5. Handbuch Validferung in der AnalytSJc Dr. Stavros Krormdas (Ed.) Wiley-VCH Vsrlsg. 
200Q. ISBN 3-527-29B11-8 

5 

5. Results 

3.1 Sample Name: TRI 50c monosodium safe 
Injection volume? lDuL 

10 Name Ret Time Area Area Peak Height 

(Min) °/o [jiAU's] nAU 

TRI 5UC 12.136 iaO.OCOO GD4,Z722B 32.05369 



3.2 Sample Name: TRI 50c hemfcataum salt: 

15 Injection volume: IOjjL 

Name RetHrne Area Area Peak Height 

{Mil*) °/o EPAU'SI pAO 

TRI 50c 12.126 100.0000 597.11279 32.29630 



20 Th& disclosed methods have been used to obtain safes sub$fc=intially free of C-B bond degradation 
products, in particular salts containing no such products in an amount detectable by HPLC, 
specifically the rnetfjod of Example 43. The disclosed methods have been used to obtain salts 
substantially free of Impurity I, in particular containing no Impurity I in an amount detectable by 
HPLC, specifically by the method of Example 43- The disclosed methods hav$ been used to obtain 

25 salts substantially free of Impurity IV, in particular containing no Impurity IV in an amount 
detectable by HPLC, specifically by the method of Example 43. 

E>CAMPLE ID - DETERMINATION OF DIASTEREOMERIC EXCESS m 

30 TRI 5Gb r crude r contains three china! centres, Two of them are ftxed by the use of enanttomerically 
pure amino acids {CR>Phe and (S)-Pro). The third one is formed during the synthesis. The 
favoured epirner i$ the desired TRI 50b, Isomer I (R^R-TRI 50b) F Both epimers of TRI 50b are 
cleariy baseline separated by the HPLC method, thus allowing determination of the dtesteromeric 
excess (de) of TRI 5Db. 

35 

TRI 50d is not stable under the conditions applied for HPLC purity determination/ but decomposes 
rapidfy on sample preparation to TRI 50c, so that TRI 50d and TRI 50c show the same HPLC traces. 

* 

The two Isomers of TRI 50c are not baseline separated In HPLC, but both isomers are clearly visible. 
40 This becomes obvious, when TRI 50b x crude (mixture of both Isomers} is converted with 



• 
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phenyiboronfc add to TRI 50c, crude. Both isomers of TRI 50c are observed In HPLC nearly at the 
same relation a$ before in TRI 50b, crude. 

Upon synthesis of TRI 50cJ from TRT50b> crude, only one dfastereoisomer is precipitated. In this 
5 case HPLC shows only one peak for TRI 50c, where a Very small fronting is observed. Predpftation 
from di ch Jorometha ne/diethylether removes the fronting effidentfy. The level of removal of Isomer 
IT cannot be quantified by this HPLC method. Therefore samples before napnecipitaiion and after 
one and two nepnedprtatfons ware esterrfied with pinacoi and the resulting samples of TRI 50b 
analysed by HPLC. TTius a de of 95.4% was determined for the crude sample, The reprecipftated 
10 sample resulted in a de of 99.0% and finally the sample that was repredprtated twice showed a de 
of 99*5%. 



15 



20 



These results dearly show the preferred precipitation of Isomer I, whereas Isomer II remains in 
solution. 

It will be appredated from the foregoing that the disclosure provides boronfc acid salts useful for 
pharmaceutical purposes and which feature one or more of the following attributes!: (1) improved 
hydrolybc stability; (2) fmproved stability against deboronattan; and (3), in any evenly not suggested 
by the prior art. 



The selection of active ingredient for a pharmaceutical composition is a complex task, which requires 
consideration mat only of biological properties (Including bioavailability) but also of physicochemical 
properties desirable for processing, formulation and storage Bioavailability itself Is dependent on 
various factors, often Induding in vivo stability; solvation properties and absorption properties, each 
25 in turn potentially dependent on multiple physrca^ chemical and/or biological behaviours. 

The present disclosure includes the subject matter of the following paragraphs: 

* 

1. A compound selected from boronic adds of formula (I), and salts, prodrugs and prodrug 
30 salts thereof formula p): 

X-aa 1 -aa2-NH-CH-B ^ (') 



OH 

R8 



wherein 



35 X is H (to form NH 2 ) or an amino-protecting group; 
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ag 1 is an amino add residue having a side chain selected from ■formula (A) and (B); 
"(CO)a-CCH2)b-D<rCCH2)d-E (A) 

5 " 

wherein 
a is Q or i; 
a is l; 

b and d are independently 0 or an integer such that (b-i-di) Is from 0 to 5 or, as the case may 
1 0 be, (b+e) is from 1 to 5; 

c is 0 or 1? 
D is O or 3; 

E is a saturated or unsaturated cydic hydrocarbyl group which normally contains up to 14 
. members; and 

15 e 1 , E 2 and E 3 are each independently selected from the group consisting of 5-5 membered 

saturated of unsaturated hydrocarfcyl rings, or one of E 1 , E 2 and E 3 is hydrogen and the 
other two are a said hydrocarbyl ring, 

E ^ g2 anc j g3 optionally being halcgenated when saturated and mandatorily being 
20 halogenated when unsaturated, a particular halogen being fluorine; 

aa 2 is a residue of an amino acid which binds to the thrombin S2 subsitej; and 

R? is a straight chain alkyl group interrupted by one or more ether linkages fla-fl- 1 or 2) and in 
25 which the Wat number of oxygen and carbon atoms is 3, 4, 5 or 6 (e k g. 5} or f£ is -(CH^-W 

where m is 2 f 3, * or 5 (s.g. 4) and W is —OH or halogen <F f CI, Br or I). R 9 is an alkoxyalkyi group 
in ons subset of compounds, e,g, alkoxyalkyi containing 4 carbon atoms. 



30 



2. A compound of paragraph 1 wherein R 9 is an alkoxyalkyi group. 

3. A compound of paragraph 1 or paragraph 2 wherein R 9 is metho*ypropyl. 

* 

4. A compound of any of paragraphs i to 3 wherein a and c are both 0 and (a+b+c+d) and 
(a+b+c+fc) are 1, 2 or 3, 



35 



100971 %^Ma^O^?,Q5;;.^l 
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5, A compound of any of paragraphs 1 to 4 wherein E r E 1 , E 2 and E 3 are each independently 

phenyl fluarinatad at aft least the 4-posifcfan or optfanaHy fluotfnated cyclohexyl, ona & 3n d g3 
optionally being R ... 

5 6, A compound of paragraph 4 or paragraph S wherein aa 1 Is of R configuration, aa 2 - is of S 
configuration, and the fragment: -NHCHCR 9 )-3(OH) is of R configuration. 

7. A compound of any of paragraphs 1 to 6 wherein the boronic acid has a *3 for thrombin of 
about 1(30 nM or less. 

10 

8. A compound of paragraph 7 wherein the boronic add has a Ki far thrombin of about 20 nM 
or less, 

9. A compound in pharmaceutical dosage selected from boronic adds of formula (II), and salts, 
15 prodrugs and prodrug salts thereof: 



OH 

X-aa^aa^NH-CH-B ' 01) 

OH 



where: 



20 X is H (to form NH2) or an amino-protecBng ghoup; 

aa* is an amino acid having a side chain selected from; 

-CH 2 -E (A') 
25 -C{El)(E Z )CE 3 ) (B) 

whena 

E Fs a saturated or unsaturated cyclta hydrocarbyl group which normally contains up to 14 
members; and 

30 E 1 , E 2 and E 3 are each independently selected from the group consisting of 5-6 rnembered 

saturated or unsaturated hydrocarbyl rings, or one of E*> E 2 and E 3 ts hydrogen and the 
other two ana a said hydrocarbyl ring, 
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E/ E i E 2 an d ^ optionally being hatogenated when saturated and mandatorily being 
hatogenated when unsaturated, a particular halogen being fluorine; 

aa2 is an imino acid having from 4 to 6 ring members; 

Ri b a group of the formula ^ where . is 2, 3 or 4 and Z is -OH, -OMe, -OB or halogen 
(F, CI, Br or I). 

10, A compound of paragraph 9 wherein E, ft and are each independent* phenyl 
10 fluorinated at at least the 4-position or optionally fluorinated cyctohexyl, one of ft E and E 
optionally being H. 



11. .a 

Cha. 

15 

12. / 



compound of paragraph 9 wherein aa* is selected nrom di(4-F)-Dpa, 4-F-F>he, Dcha and 



compound of any of paragraphs 9 to 11 wherein «l Is of R^nfiguration. 



13. Ac 



20 14. A com 



ompound of paragraph 9 wherein aa* is (R)-4-F-Phe or (R)-di(*-F)-Dpa, 



15. A compound of any 
formula (IV) 



pound of paragraph 9 wherein aa* is (R) 4-F-Phe. 

of any of paragraphs 9 to 14 wherein aa* is a residue of an imino add of 



R- 1 



H c CH-COOH 



N 
I 

H 



25 where rfl Is -CH 2 - f -CH r CH r , -CH=CH-, -S^CH 2 , -5-C(CH 3 ) 2 - or ^ 2 -CH 2 -Cri 2 , which group, 
when the ring is 5- or 6- membered, is optionally substituted at one or more -CH 2 - groups by rrom 1 



to 3 C1-C3 alkyl groups. 



16. 

30 



A compound of paragraph 15 wherein aa* is of S-configuration, 
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17. A compound of paragraph 15 wherein aa^ is an (S)-proiina residue. 

A, 

18. A compound of paragraph 9, where rn aa^aa 2 is a residue of (R)-Phe-(5>Pro. 

« 

5 19- A compound of any of paragraphs 9 to 18 wherein R 1 is 2-bromoetfryf, 2-chbraathyI, 2~ 
methoxyethyi, 3-bromopropyl, 3-chtaropropyf or 3-metboxypropyL 

20, A compound of any of paragraphs 9 to IS wherein R 1 Is 3-metboxypropyl. 

10 21. A compound of any of paragraphs 3 to 20 where X Es R 6 <CH2) p -C(0>, R s -( CH 2)p- s (P)2"' 
R s -(CH2) p -NH-C(0)-< or r6<CH2) p -o-c(o)- wherein p is O r l r 2, 3, 4, 5 or 6 and R 6 Is H or a 5 to 

13-membered cydfc group optionally substituted by one or more (e-g. 1, 2 r 3 X 4 or 5} halogens Ce.g. 
F), for example at t&ast at tine 4-posfuon, and/br by 1, 2 or 3 substituents selected from amino r 
nstro, hydroxy, a Cs~Cs cydlc group, C^-Gj. alkyl and C^-C^. alky] containing, and/or (Insked to the 

15 cydic group through, an in-chain Q, the aforesaid alkyi groups opifcnally being substituted by a 
substituent selected from halogen, arnino f nitro, hydroxy and a C5-C5 cydlc group. 

22. A compound of paragraph 21 wherein said 5 to 13-mernbered cyclic group is aromatic or 
heteroarorrj^tfa 

23. A compound of paragraph 22 wherein said 5 to 13-msmbered cydfc group fe phenyl or a 6- 
mernbered heteroarornatic group. 



20 



24. A compound of any of paragraphs 9 to 20 wherein X is R 6 -(CH 2 }p-CCO)- or R^(C«2)p-0- 
25 C(0> and p is D / 1 or 2, 

25. A compound of any of paragraphs 9 to 20 whenain X is benzyfoxycarbonyi. 



30 



26. A compound of paragraph 9 wherein the boronic add Is of formula (vrn): 



X-(RH-F-Phe^S)-Pro-(R>Mpg-B(OH) 2 (VIH) 



32. A compound of any of paragraph 1 to 31 whereto said at least one substltuent is selected 
firom halo, hydroxy, amino, amidino, guanidino, nftro, carboxyi (whether as free acid or salt), 
35 estercfied carbcKyl (e.g. having C^-C^ alky! or alfcoxyalkyl as the esteMtinning graup, for example). 



00971 28 G9M*t^W0$$®k 
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40. 



A compound of any of paragraphs 1 to 39 which comprises the free boronic add. 



41. A com 



pound of any of paragraphs 1 to 39 which comprises a prodrug of the boronic acid. 



42. A co! 



mpound of any of paragraphs i to 39 which comprises an ester of the boronic acid. 



10 43. 



A compound of paragraph 42 wherein the ester is with a diol. 



15 



35 



.pound of paragraph 43 wherein the diol Is pinacol, pinanediol, diethanolamine, 
i r i,2~ethanediol, 1,2-propanediol, 1,3-propanediol, 2,3-butanediol, 1,2- 



44. A comi 
neopentylglycol, 

difeopropytethanediol, 5,6-riecanediol or l^icydohexylatftanediol. 



45. 



A compound of paragraph 43 wherein the diol is a sugar. 



46. A compound of paragraph 45 wherein the sugar is a 



monosaccharide or a disaccharide. 



20 47. 



46. 



A compound of paragraph 45 or 46 wherein the sugar is a reduced sugar. 
A compound of paragraph 47 wherein the sugar is mannitol or sorbitol. 



49, A compound of any 
25 boronic acid. 



of paragraphs 1 to 39 which comprises a base addition salt of the 



E0 . A compound of paragraph 49 wherein the salt comprise* boronatB ion, derived ftom the 
boronic acid and monovalent counter-ions. 

30 51 A compound of paragon 49 or paragraph So which comprises a salt of the peptide boronic 
acid with an alkali metal or a strong* basic organic nitrogen-containing compound. 

52. A compound of paragraph 51 whensin the strongly basic organic nlttogen-contoining 
compound is a guanidine, a guanidine analogue or an amine. 



. A compound of any of paragraphs 49 to 52 wherein the salt comprises a salt of tte boronic 



53 

acid with a metal 
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S4. A compound of paragraph W wherein the salt comprises a salt of the boronic acid with an 
alkali metal, an aminosugar, a guanidine or an amine of formula (XI): 




HR 3 



H (XI) 
R2 



where n is from X to 6, R z Is H, carboxyfete or derfvatised carboxylase, R 3 is H, CrC* alfcyf or a 
5 residue of a natural or unnatural amino acid. 

55. A compound of paragraph 49 wherein the salt comprises a salt of the boronic add with a 
guanidine or with an amine of formula (XI): 

JMHR3 

H 2 N— (CH 2 ) n 




H (XI) 
R2 

10 where n is from 1 to 6, R 2 fs H, cartrocylats or derfvatised earboxylate, R 3 Is H, Q-Q alkyl or a 
residue of a natural or unnatural amino acid. 

55. A compound of paragraph 55 which comprises a guanidine salt of the boronic add, 

15 57. A compound of paragraph 56 which comprises a safe of the boronic add with L-arglm'ne or 
an L-argFnine analogue, 



58. A compound of paragraph 57 wherein the L-argrnine analogue Is D-aiyimne, or the D- or L- 
isomers of hoiroatiglriina, agmatine [(4-arninobutyl) guanidrne], NG-nftro-L-arginine methyl ester, or 

20 a 2-arnino pyrimidmes. 

59. A compound of paragraph 56 which comprises a salt of the boronic add with a guanidine of 
formula (yil) 



H a N^NH (CH 2 ) n 




HR 3 



y ^—p-H (vii) 

NH R z 
where n is from 1 to 6, R 2 is H, carbpxylafe or derfvatised carboxylase, R 3 is H, Q.-C, alkyl or a 
25 residua of a natural or unnatural amino acid. 

60. A compound of paragraph 59, wherein n fe 2, 3 or 4. 



* 
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Sl„ A compound of paragraph 59 or paragraph 60 where the derlvatfsed carboxylate forms a C±~ 
Q alkyi ester or amide, 

62. A compound of any of paragraphs 59 to 61 wherein the compound of formula (VII) is of L- 
5 configuration. 

63. A compound of paragraph 56 which comprises an L-arginine sa\t of the peptide boronic acid. 

64- A compound erf paragraph 55 which comprises a salt of the boronic acid with an amine of 
10 formula (IX). 

55. A compound of paragraph 64 f wherern n is 2, 3 or 4, 

66. A compound of paragraph 54 or paragraph 65 where the derhrstised carboxylate forms a Q,- 
15 C, alkyi ester or amide. 

67. A compound of any of paragraphs 64 to 66 wherein the arnrne of formula (DQ is of b- 
corrflgy ration. 

20 68, A compound of paragraph 54 which comprises an L-lyslna salt of the boronic add. 

69. A compound of paragraph 49 wherein the sate comprises an alkali metal salt of the boronic 
acid- 

25 70. A compound of paragraph 69 wherein the alkali metal is potassium* 

71, A compound of paragraph 69 wherein the alkali rnetaf is sodium. 



30 



35 



72- A compound of paragraph 69 wharein the alkali metal is lithium. 

73. A compound of paragraph 49 wherein the salt comprises an aminosugar salt of the boronic 
add. 

74. A compound of paragraph 73 wherein the aminosugar Is a ring-opened sugar. 

75. A compound of paragraph 74 wherein the aminosugar Es a glucamfne. 

75. A compound of paragraph 73 wherein the amJnosugar is a eyefic aminosugar. 
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77. A compound of any of paragraphs 73 to 75 wherein the aminosugar is N-unsubstifcuted. 

7B. A compour>d of any of paragraphs 73 to 76 wherein the aminosugar is N-substftuted by one 
or two substrtuents. 

79. A compound of paragraph 78 wherein the or each substittient is a hydrocarby! group. 

80. A compound of paragraph 76 wherein the or each substifcuent is selected from the group 
insisting of aikyl and aryl moieties, 

81. A compound of paragraph 80 wherein the or each substrtuent is selected from the group 
consisting of C v C2, C 3 , G* r Cg, Cs, C 7 and Qj alkyl groups 

S2„ A compound of any of paragraphs 78 to 81 wherein tiiene rs a single IM-substituerrf:. 
83, A compound of paragraph 73 wherein the glucamine is M-methyl-D-giucamine. 



S4. A compound of any Of paragraphs 49 to 83 which comprises boronafce ions derived from the 
peptide boranFc acid and has a stoichiometry consistent with the boronate fons carrying a single 
20 negative charge. 

85. A compound of any of paragraphs 49 to B3 wherein the salt consists essentially of acfd salt 
(that Is, wherein one B-OH group remains protonafced). 

25 86, A compound of any of paragraphs 49 to B5 wherein the saft comprises a boranate ton 
derived from the peptide boron ic acid and a counter-ion and wherein the salt consists essentially of 
a salt having a single type of counter-ion. 

87. A product for use as a pharmaceutical, comprising a compound of any of paragraphs 1 to 
30 86. 

S3- A pharmaceutical formulation comprising a compound of any of paragraphs I to 86. 

89. A pharmaceutical formulation of paragraph S3 which is adapted for intravenous 
35 administration.. 

90. A pharmaceutical formulation of paragraph 88 which is adapted far oral administration- 
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91. A method of inhibiting thrombin in the treatment of disease comprising administering to a 
mammal a therapeutically effective amount of a compound of any of paragraph I to 86. 



92. The use of a compound of any of paragraph 1 to 86 for the manufacture of a medicament 
5 for treating thrombosis. 

93* A method of treating venous and/or arterfal thrombosis by prophylaxis or therapy, 
comprising parenterally administering to a mammal suffering from, or at tf$k of suffering from, 
arterial thrombosis a therapeutically effective amount of a product selected form the compounds 
10 defined any of paragraphs 1 to 86. 

94- A method of paragraph 93 wherein the disease is an acute coronary syndrome. 



95. A method of paragraph 93 wherein the disease is acute myocardial infarction. 

15 « 

96. A method of paragraph 93 wherein the disease is a venous thromboembolic event, selected 
from the group consisting of deep vein thrombosis and pulmonary embolism. 

97. A method for preventing thrombosis in a haemodiafysis circuit of a patient, comprising 
20 pansnteraily administering to the patient a therapeutically effective amount of a product selected 

from the compounds defined any of paragraphs 1 to BS. 

98- A method for preventing a thrombotic event in a patient with end stage renaf disease f 
comprising parenteraliy administering to the patient a therapeutically effective amount of a product 
25 selected from the compounds defined any of paragraphs l to 86. 

99. A method for preventing venous thromboembolic events in a patient receiving chemotherapy 
through an indwelling catheter, comprising administering to the parent a therapeutkalfy effective 
amount of a product selected from the compounds defined any of paragraphs 1 to 86. 

30 

100. A method for preventing thromboembolic events In a patient undergoing a lower iimb 
arterial reconstructive procedure, comprising parenteral^ administering to tiba patient a 
therapeutically effective amount of a product sefected from the compounds defined any of 
paragraphs 1 to 85. 

35 

101. A method of inhibiting platelet procoagulant activity, comprising parenteraliy administering 
to g mammal at risk of, or suffering from, arterial thrombosis a therapeutically effective amount of a 
product sefected from the compounds defined any of paragraphs 1 to 85. 
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102. A method of paragraph 101 wherein the disease is an acute coronary syndrome. 



103. A method of treating by way of therapy or prophylaxis an arterial disease selected from 
acuta Denary syndromes, cerebrovascular thrombosis, peripheral arterial occlusion and arterial 
5 thrombosis resulting from atrial fibrillation, valvular heart disease, arterio-venous shunts, indwelling 
catheters or coronary stents, comprising parenteral!/ administering to a mammal a therapeutically 
effective amount of a product selected from the compounds denned any of paragraphs 1 to 86. 



10 



104. A method of paragraph 1D3 wherein the disease Is an acute corona ry syndrome. 

105. The use of a compounds defined any of paragraphs 1 to 86 for the manufacture of a 
parenteral medicament for a treatment recited in any of paragraphs 99 to 1D4. 

10G. A pharmaceutical formulation comprising a combination of (i) a compound defined any of 
15 paragraphs 1 to 86 and (if) a further pharmaceutical!/ actrve agent. 

107. A pharmaceutical formulation comprising a combination of (i) a compound defined any of 
paragraphs 1 to 85 and (ii) another cardiovascular treatment agent 

20 108. A formulation of .paragraph 107 wherein the other cardiovascular treatment agent comprises 
a .ipid-lowenng drug, a nbrate, niacin, a statin, a CcTP inhibitor, a bile acfl sequent, an an«- 
oxidant, a nb/UTa antagonist an aldosterone inhrbitor, an A2 antagonist^ an A3 agonist, a beta- 
blocker, aoetyfsalicylic acid, a loop diuretic, an ace inhibitor, an antithrombotic agent wfth a different 
mechanism of action, an antiplatelet agent^ a thromboxane receptor and/or synthetase inhibitor, a 

25 fibrinogen receptor antagonist, a prostacyclin mimetfc> a phosphodiesterase Jnhibitor, an ADP- 
receptor (P 2 T) antagonist, a thrombolytic, a cardioprotectant or a COX-2 inhibitor. 

- - 

109. The use of a compound defihed any of paragraphs 1 to 86 for the manufacture of a 
parenteral medicament for nesting, for example preventing, a cardiovascular disorder in co- 

3 0 administration with another cardiovascular treatment agent. 

110. A medicament comprising a boronic acid which is a selective thrombin inhibitor and has a 

neutral aminoboronic acid residue capable of binding to the thrombin SI subsite linked through a 

peptide linkage to a hydrophobic moiefy capable of binding to the thrombin 52 and S3 subsites, the 

35 hydrophobic mcieiy comprising a fluorinated aromatic ring in its S3«binding part, or a sate, prodrug 
or prodrug salt thereof 

111. A medicament of paragraph 1 11 wherein the boronic acid has a Ki for thrombin of about 100 
nM or less. 
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112. A medtement of paragraph 111 wherein the boronfc add has a K3 for thrombin of about 20 
nM or less. 

5 113. A medicament comprising a sodium salt of Cb2-(R}^F-Phe-(S>PrD-CR)-Mpg-5(OH)2». 

114. A pharmaceutical product comprising a sealed container containing in the form of a finely 
divided so\\d r ready for reconstituSon to form a liquid formulation, a therapeutically effective amount 
of a boronfc acid formula (II) or a salt; prodrug or prodrug salt thereof: 



10 



15 



OH 

X-aa 1 -aa^NH-C*H-B ' (II) 

R 1 



. whena: 



X is K (to form NH2) or an amino-protecting group; 

-■> 

aa 1 Is as defined in paragraph 9; 

aa 2 f S aF | [ m ] no aC jd a f s-ranfiguration having from 4 to 5 ring members; 

1 

20 C* Is a chTral centre of R-configuration; 
and 

R, 1 is a group of the formula -CG-^eT^ where 5 is 2 f 3 or 4 and 2 is -OH, -OMe, -QEt or halogen 
25 (F, CI, Br or I), 

115. The product of paragraph 114 wherein: 



X is R s -(CH 2 ) p -CCO)-, R. G -(CH2)p-SCOte-, R^CH^p-NH-CCO)- or R^CH^p-OCfO)- wherein p Q, 

30 l r 2, 3, 4/ 5 or 6 and R 6 is H or a 5 to 13-rnembered cydic group optionally substituted by 1 P 2 or 3 
substituents selected from halogen, amino, nitre, hydroxy, a C5-C5 cyclic group,, C4-C4 alkyl and C^- 

C4 alkyl containing, and/or linked to the cydfc group through, an in-chain O, the aforesaid alkyl 

groups optionally being substituted by a substrtuent selected from halogen/ amino, nitro, hydroxy 

and a C5-C5 cyclic group; 
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aa* is selected from CR)^-F-Phe, (RM^Dpa, (R>cha and (R>Dcha? 

5 

Rl is 2-6thoj<yethyl or 3-methoxypropyi. 



10 



117. A pharmaceutical formulation adapted for oral or intravenous administration, whether 
directly or after combining with a liquid, and comprising 

3) a first species selected from (a) boronic adds of formula (I) as defined Fn paragraph 1, (b) 
boranate anions thereof, and (c) any equilibrium form of the aforegoing (e.g. an anhydride? 
and 

15 (b) a second species selected from lfte group consisting of pharmaceutical^ acceptable 

cations having a valency n, 

wherein the formulation has an observed stoichtometry of first to second species essentially 
consistent with a notional stofchiometry of 1:1 except where the second species is a metal ion 
20 having a valency pf greater than 1, in which case the observed stoichfometry is essentially consistent 
with a notional stoichfometry of n:l. 



25 



118. The formulation of paragraph 117 which has the characteristic that after the formulation if 
not in an aqueous carrier is placed in one, it has a Ki for thrombin of about 20 nM or less. 

119. The formulation of any of paragraphs 68, B9, 106 to 108, 117 or lis or a medicament of 
any of paragraphs 110 to 113 which is in unit dosage form. 



30 
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CLAIMS 

1. A compound selected from boronfc: adds of formula (I), and salts, prodrugs and prodrug 
salts thereof: 



5 



10 



15 



OH 

X-aa^aa^NH-CH-B ' (!) 

I OH 

R9 



wherein 



X is H {to form NHj) or an amirja-protecting group; 



aa* Is an amino add residue having a side chain selected from formula CA) and (B): 



-(CO) a -(CH2)b^ c -(CH2)d-E (A) 



wherein 
a is □ or 1; 

e is 1; 

b and d are Independently D or an integer such that (b+cf) Is from 0 to 5 or,, as the case may 
20 b&, (b+e) fe from 1 to 5? 

c fs 0 or i; 
D is O or 5; 

E is a saturated or unsaturated cyclic hydrocgrbyl group which normaHy contains up to 14 
members; and 

25 E 1 , E 2 and E 3 are each independently selected from the group consisting of 5-6 membered 

saturated or unsaturated hydrocarbyl rings, or One of E 1 , E^ and E 3 is hydrogen and the 
other two are a said hydrocarbyl ring, 

E, E*> E 2 - and E 3 optionally being halogenated when saturated and mandatorily being 
30 halogenated when unsaturated, a particular halogen being fluorine; 

aa 2 is a residue of an amino add vvhich binds to the thrombin S2 subsite; and 
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is a straight cham afkyl group interrupted by one or more etoer linkages and in which the total 
number of oxygen and carbon atoms Is 3, 4, 5 or 6 (e.g. 5) or R? is -(CH 2 )m-W where m is from 2, 
3, 4 or 5 (e.g. 4) and W Is -OH or halogen (F, a Br or I), As examples of straight chain alkyi 

« ^ ° ne " m eth£r ™* be « ataWiW Cona intension) 

5 and aikoxyajtocyalkyf (two interruptions). r9 is an alkoxyalkyl group in one subset of compounds, 
e.g, aikoxyaJkyi containing 4 carbon atoms. 



A compound of cfaim 1 wherein R 9 is an alkoxyalkyl group. 



10 



4. A compound of any of claims 1 to 3 wherein a and c are both 0 and (a+b+c-t-d) and 
(a+b+c+e) are 1, 2 and 3. 

5. A compound of claim 4 wherein aal is of (Reconfiguration, aa 2 is of ^-configuration, and 
15 the fragment ^NHCHCR^-BCOH) is of (Reconfiguration. 

y 

7. A compound of any cf daims 1 to 6 whereinsard at feast one subsbtuent comprises halogen, 
hydros amino, nttro, carboxyl or estarified carboxyl. 



20 



9. 



A compound selected from boronic acids of formula (II), and salts, prodrugs and prodrug 
salts thereof: 



.OH 

X-aa-»~aa 2 -NH-CH-B " . (II) 



OH 



25 where: 



X is H (to form Nl+j) or an amino-protecting group; 

aal is an amino acid having a sfde chain which is alfctf substituted by one or two moieties 

30 selected from' fluorophenyl, cydohexyi and fluorocyclohexyl; 

aa2 i S an imino acid having from 4 to 6 ring members; 
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is a group of tihe formula KCH2V- Z ' where s is 2, 3 or 4 and Z Is -OH, -OMe, -OEt or halogen 
(F, C\ f Br or I). 

11- A compound of claim 9 or claim 10 wherein aa 1 is selected from 4-F-Phe r 4-F-Dpa, 4-FDcha 

5 and 4-F-Cha, e.g. is (R)-4-FPhe or (R)<tfC4-F>Dpa. 

■? 

12. A compound of clarm 11 wherein aa 2 - is a residue of an imino add of formula (IV) 

R? 1 



HoC JCH-COOH (IV), 



N 
I 

H 

where R 11 Is -CH 2 -, -CH^-CH 2 -/ -CH=CH-, -S-CH 2> -S-CCCH 3 ) 2 - or -CH 2 -CH 2 -CH 2 -/ which group, 
10 when the ring is 5- or 6- membered, fe optionally substituted at one or more -CH2- groups by from L 

to 3 C1-C3 alkyl groups, and optionally aa 2 Is an (S)-proJine residue, e.g. aa^-aa 2 fe (R>Phe-CS)-Pro. 

13. A compound of any of claims 9 to 12 wherein aa 1 is of {R)<onfiguration and/or aa 2 is of 
(5>conftgurattan and/or the fragment -NH-CH(R 1 )-B<;OH)2 is of (R>configuratian. 

15 

14v A compound of any of claims 9 to 13 wherein R 1 is 2-bromoethyl, 2-chloroethyl, 2- 
methaxyethyl, 3-bromDpropyi r 3-chloroprapyl or 3-methoxyprcpyl, e.g. is 3-methaxyprapyL 

15. A compound of 3ny af claims 9 to 14 where X Is R s -(CH 2 )p-CCO)- / R 6 <CH 2 ) p ~S(C}2-> R 6 - 
20 CCH 2 )p-NH-C(0)- or R 6 ~(CH 2 ) p -0-C(0)- wherein p is 0, 1, 2, 3/4, 5 or 6 and is H or a 5 to 13- 
membered cyclic group optionally substituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g r F), 
for example at feast at the 4-position, and/or by I, 2 or 3 substituents selected from amino, nrtro, 
hydroxy, a C5-C5 cyclic group, C r C$ afkyl and Gj<% afkyl containing, and/or linked to the cyclic 

group through, an in-chitfn 0, the aforesaid alkyl groups optionally being substituted by a 
25 substituent selected from hafogen, amino, nrtro, hydroxy and a Cg-Cg cyclic group, and optionally 

said 5 to 13-membened cyclic group is aromatic or hefceroaromatic, e.g. is phenyl or a o-membered 
heteroaromgtfc group, far example X fe benzylox/carbonyi. 



IS* A compound of claim 9 or claim 15 whersin the faoronic add is of formula (VHF): 

30 
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X-CR)-4-F-Phe-CS)-Pno-Mp9-BCOH) 2 (VHI). 

17. A compound of any preceding clafm which fs Jn the form of a base addition salt of the 
borOnic acid. 

5 

IS. A compound of daim 17 which comprises a sale of the peptide boronic acfd with an alkali 
metal or a strongly basic organic nitrogen-containing compound/ and optionally wherein the strongly 
basic organic nitmgen-confatning compound is a guanidine, a guanidJne analogue or an amine, e.g. 
comprises a salt of the boronic acid with an alkali metal, an aminosugar, a guanidine, an amine of 
10 formula (XI): 

NHR 3 

H 2 N— (CH £ ) n - 




H (XI) 
R z 



where n is from 1 to 6, R 2 is H x carbamate or dertvatised carboxylata, is H, d-C* alkyj 
residue of a natural or unnatural amino acid, e.g, a salt with lysine, argfnine or a glucamins. 



or a 



15 19. 



A compound of daim 17 which comprises a salt of the boronic add with a metal. 



20. A compound of claim 19 wherein the metal comprises an alkali metal salt, e.g. sodium or 
lithium. 

20 21. A compound of any of claims 17 to 20 which comprises boronate ions derived ftom the 
peptide boronic add and has a stoichiojtieby consistent with the boronate ions carrying a single 
negative charge. 



25 



22. A pharmaceutical formulation comprising a compound of any of daims 1 to 21. 

23. A pharmaceutical formulatlonof daim 22 which is adapted tor Intravenous administration or 
for subcutaneous administration, e.g. comprises the compound in the form of a finely divided solid 
for neoonstftution as a solution ready for administration. 



30 24. 



35 



A pharmaceutical formulation of daim 22 which is adapted for oral administration, e.g. is a 
tablet capsule or is a particulate formulation in a sachet 

25. The use of a compound of dafms 1 to 21 for the manufacture of a parenteral medicament 
for treating thrombosis, e.g. an acute coronaiy syndrome (for example acute myocardial Infarction), 
a venous thromboembolic event (for example deep vein thrombosis or pulmonaty embolism), for 
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~ preventing thrombosis in a haemodialysfe circuit of a patient, for preventing a eaittovascufar event 
in a patient with end stage renar disease, for preventing venous thromboembolic events in a patient 
receiving chemotherapy trough an indwelling catheter, for preventing thrombosis during a coronary 
artery by bypass graft operation, or for preventing thromboembolic events in a patient undergoing a 
5 lower limb arterial reconstructive procedure, ( 

26. A parenteral pharmaceutical formulation comprising a combination of p) a compound as 
defined in any of claims 1 to 21 and (if) a further pharmaceutical^ active agent, for example another 
cardiovascular treatment agent e.g. a llpid-lowering drug, a fibrate, niacin, a statin, a CETP 
10 inhibitor, a bile add sequestrant, an anti-cxidant a Ilb/rna antagonist an aldosterone inhibitor, an 
A2 antagonist an A3 agonist a beta-blocker, acety [salicylic acid, a loop diuretic, an ace Inhibitor, an 
antithrombotic agent with a different mechanism of action, an antiplatelet agent, a thromboxane 
receptor and/or synthetase inhibitor, a fibrinogen receptor antagonist, a prostacyclin mimefJc, a 
phosphodiesterase inhibitor, an ADP-receptor (P 2 T) antagonist, a thrombolytic, a cardtoprotectent 
15 or a CQX-2 inhibitor. 

27, A medicament comprising a salt sugar ester or other soluble derfvative of a ooronic add 
which is a selective thrombin inhibitor and has a neutral aminoboronic acid residue capable of 
binding to the tiirombln SI subsife linked to a hydrophobic moiety capable of binding to the 
20 thrombin S2 and S3 subsites, the hydrophobic moiety comprising a fluorinated aromatic ring in its 
S3-binding part and tfie salt comprising a cation having a valency n and having an observed 
stoichiometry consistent with a notional stoichiometry (boronfc add:cation) of n:l. 



25 
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